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SEMICONDUCTOR 


NEW HIGH SPEED LINEAR PRODUCTS 


AMPLIFIERS 


HA-5020 i-ivi* 


yl:[" HA-2842 

: 100MHz CURRENT FEEDBACK VIDEO 


J; WIDEBAND HIGH OUTPUT CURRENT VIDEO 

(Page 3-368) 

(Page 3-344) 


O UNITY GAIN BANDWIDTH 100MHz 

o DIFFERENTIAL GAIN <0.02% 

° DIFFERENTIAL PHASE <0.03° 

o SLEW RATE 800V/(iS 

o GAIN FLATNESS 0.1 dB 


• j HA-2839/40:; 

VERY- HIGH SLEW RATE WIDEBAND 


(Page 3-335) 


o HIGH SLEW RATE 625V/fjs 

o WIDE GAIN BANDWIDTH 600MHz 

« DIFFERENTIAL GAIN/PHASE 0.03%/0.03° 

o LOW OFFSET VOLTAGE 0.6mV 

o FULL POWER BANDWIDTH 10MHz 


HA-2850 : 

LOW POWER HIGH SLEW RATE WIDEBAND 


(Page 3-347) 


o LOW SUPPLY CURRENT 8.0mA Max 

o HIGH SLEW RATE 340V/ps 

o WIDE GAIN BANDWIDTH 470MHz 

o DIFFERENTIAL GAIN/PHASE 0.04%/0.04° 

o LOW OFFSET VOLTAGE 0.6mV 


o HIGH SLEW RATE 375V/ps 

o GAIN BANDWIDTH PRODUCT 80MHz 

° HIGH OUTPUT CURRENT ±100mA 

o DIFFERENTIAL GAIN/PHASE 0.02%/0.03° 

° LOW OFFSET VOLTAGE 1 mV 


HA-2841 

UNITV GAIN STABLE WIDEBAND VIDEO 


(Page 3-341) 


o HIGH SLEW RATE 240 V/jjs 

O UNITY GAIN BANDWIDTH 54MHz 

° LOW OFFSET VOLTAGE 1 mV 

o DIFFERENTIAL GAIN/PHASE 0.03%/0.03° 

o LOW DISTORTION >83dB 


u : : HA-5232/34 ' i ; 
DUA®0UAD LOW COST: PRECISION 


(Page 3-478) 


o LOW OFFSET VOLTAGE 300|iVMax 

o LOW OFFSET DRIFT 2|iV/0C 

® LOW SUPPLY CURRENT <1mA/A 

o LOW BIAS CURRENT 5nA 

• HIGH CMRR/PSRR IIOdB 


HA-7712/13 

LOW POWER PRECISION 


(Page 3-481) 


* VERY LOW POWER 150fiA(7712) 

15nA (7713) 

o LOW OFFSET VOLTAGE 250|iV 

• LOW INPUT BIAS CURRENT 20pA 

O WIDE OPERATING RANGE 4Vto16V 


i 







m HARRIS 

UU SEMICONDUCTOR 


NEW HIGH SPEED LINEAR PRODUCTS 

(Continued) 


MULTI-CHANNEL AMPLIFIERS 


CA3256 

video 


(Page 8-50) 

• 5 MULTIPLEX VIDEO CHANNELS 

► 1 Independent Channel 

► 4 Channels With Enable 

• UNITY GAIN BANDWIDTH 25MHz 

• PROGRAMMABLE VIDEO AMPLIFIER GAIN 

• HIGH SIGNAL DRIVE CAPABILITY 


HA-2444 

SELECTABLE 4 CHANNEL VIDEO OP AMP 


(Page 3-255) 


• UNITY GAIN BANDWIDTH 45MHz 

• DIFFERENTIAL GAIN 0.03dB 

• DIFFERENTIAL PHASE 0.03° 

• GAIN FLATNESS TO 10MHz 0.1 dB 

© CROSSTALK REJECTION >60dB 

• FAST CHANNEL SELECTION 60ns 


COMPARATORS 


ClilllllJIlH FA-0003/3 L; j •! 

ULTRA HIGH SPEED COM PAR A JOR 


(Page 4-31) 

© LOW PROPAGATION DELAY 2.0/2.1ns 

© LOW OFFSET VOLTAGE ImV 

© WIDE COMMON MODE RANGE +5.2/-2.8V 

© USER PROGRAMMABLE HYSTERESIS 
© WIDE TRACKING BANDWIDTH 270MHz 


MULTIPLIERS 


• M . HA-25 5 6/2557; -llilffl 

^QUADRANT WIDEBAND ANALOG MULipUEP 


(Pages 8-86 & 8-89) 


© CHANNEL BANDWIDTH 30/100MHz 

© DIFFERENTIAL GAIN 0.1% 

© DIFFERENTIAL PHASE 0.1° 

© GAIN FLATNESS TO 10MHz O.ldB 

© SLEW RATE 350V/^is 


TELECOM SLICs 


«'Hcli562B/HC-5504B/H(:S55()4 D LC: i || 


. \m ■ . HC-5509B:Kl-Si:.i : V.|I!! . 

;;; PBX SUBSCRIBER LINE INTERFACE CIRCUITS 


CENTRAL OFFICE SLIC , 


(Page 9-75, 9-88 & 9-95) 

© MEETS WORLDWIDE PBX REQUIREMENTS 
© DIGITAL LOOP CARRIER MARKET (5504DLC) 
© +5V AND +12V OPERATION 


(Page 9-102) 

© PROGRAMMABLE LOOP CURRENT 
© THERMAL SHUTDOWN FEATURE 
© TRANSMIT SIGNALS WHILE ON-HOOK 


! : HC-5524 

PBX AND DLC SLIC 


(Page 9-111) 

• PROGRAMMABLE LOOP CURRENT 

• -24V BATTERY 

© THERMAL SHUTDOWN FEATURE 


ii 









NEW POWER PROCESSING ICs 


DC/DC CONVERTERS AND REGULATORS 

Produced on low power CMOS, these product offer superior performance over other second source devices while 
providing latch-free operation at very competitive prices. 


!:• ICL644/5/6/7 : ilfrf? 


ffii ICL7644/5/6/7 

LOW: VOLTAGE STEfeUP CONVERTERS ;;|||; 


low voltage step-up converters #i|:; 


(Page 2-87) 

• OUTPUT FROM A SINGLE CELL +3V or +5V 

• START-UP VOLTAGE 0.9V 

• l0UT 200mA (INT.MOSFET) 

350mA (EXT. MOSFET) 

• STANDBY CURRENT 80jjA 


(Page 2-87) 

• SAME AS ICL64X WITH SHUT DOWN FEATURE 

• QUIESCENT CURRENT 5pA 

• AVAILABLE IN PDIP/SOIC 


MOSFET DRIVERS 

The “HV” family of MOSFET drivers utilize the benefits of Dielectric Isolation Technology to achieve cost effective 
SCR topologies with high voltage and high speed performance. 


HVr35d/355 > :Vf.: j 

: lljftKtF BRIDGE; N^CHANIMEt MOSFET DRIVE j|| 
(Page 2-54) 

• +40V TO +450V, DC-30kHz (HV-350) 

• +40V TO +450V, lOkHz-IOOkHz (HV-355) 

• 2 AMPs PEAK 

• RISE/FALL TIME 75ns Max at 1 0OOOpF 


%\ HV-400 

HIGH iSPEED MOSFET DRIVER 


(Page 2-62) 

• PEAK SOURCE/SINK CURRENT 6A/30A 

• RISE TIME 70ns 

• FALL TIME 30ns 

• FREQUENCY RANGE 300kHz 


OFFLINE POWER SUPPLIES 

Utilizing Harris Dielectric Isolation Technology and proprietary design, this product family provides direct offline to 
regulated DC conversion integrating the functions of rectifier, transformer, and 3 terminal regulator into a single cost 
saving 1C. 


: : H V-2 40.5 E : . ! k = T='- ! 

SINGLE iCHIP; ac/d;c rower supply 


(Page 2-76) 

• INPUT RANGE 18Vto264Vrms 

• OUTPUT RANGE 5Vto 24VDC at 50mA 

• 250mA OUTPUT WITH APP. NOTE AN91 01 

• UL RECOGNIZED (FILE # El 30808) 
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SEMICONDUCTOR 


THE NEW HARRIS SEMICONDUCTOR 

In December 1988, Harris Semiconductor acquired the General Electric 
Solid State division, thereby adding former GE, RCA, and Intersil devices to 
the Harris Semiconductor line. 

This linear 1C databook represents the full line of Harris Semiconductor 
linear products for commercial applications and supersedes previously 
published linear databooks under the Harris, GE, RCA or Intersil names. 
For a complete listing of all Harris Semiconductor products, please refer to 
the Product Selection Guide (SPG-201R; ordering information below). 

For complete, current and detailed technical specifications on any Harris 
device please contact the nearest Harris sales, representative or distributor 
office; or direct literature requests to: 

Harris Semiconductor Literature Department 
P.O. Box 883, MS CB1-28 
Melbourne, FL 32901 
(407) 724-3739 
FAX 407-724-3937 


U.S. HEADQUARTERS 

Harris Semiconductor 
1301 Woody Burke Road 
Melbourne, Florida 32902 
TEL: (407) 724-3000 

SOUTH ASIA 

Harris Semiconductor H.K. Ltd 
13/F Fourseas Building 
208-212 Nathan Road 
Tsimshatsui, Kowloon 
Hong Kong 

TEL: (852) 3-723-6339 


EUROPEAN HEADQUARTERS 

Harris Semiconductor 
Mercure Centre 
Rue de la Fusse 100 
Brussels, Belgium 1130 
TEL: (32) 2-246-2111 

NORTH ASIA 

Harris K.K. 

Shinjuku NS Bldg. Box 6153 
2-4-1 Nishi-Shinjuku 
Shinjuku-Ku, Tokyo 163 Japan 
TEL: 81-3-345-8911 


Harris Semiconductor products are sold by description only. All specifications in this 
product guide are applicable only to packaged products; specifications for die are 
available upon request Harris reserves the right to make changes in circuit design, 
specifications and other information at any time without prior, notice. Accordingly, the 
reader is cautioned to verify that information in this publication is current 
before placing orders. Reference to products of other manufacturers are solely 
for convenience of comparison and do not imply total equivalency of design, 
performance, or otherwise. 


See our p*nr 
specs in V^/ \i O 


Copyright © Harris Corporation 1 991 
(All rights reserved) 

Printed in U.S.A., 8/1991 
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LINEAR PRODUCT TECHNICAL ASSISTANCE 

For technical assistance on the Harris products listed in this databook, please 
contact Field Applications Engineering staff available at one of the following 

Harris Sales Offices: 

UNITED STATES 

CALIFORNIA 

Costa Mesa 

San Jose 

Woodland Hills 

714-433-0600 

408-922-0977 

818-992-0686 

FLORIDA 

Melbourne 

407-724-3576 

GEORGIA 

Norcross 

404-246-4660 

ILLINOIS 

Schaumburg 

708-240-3480 

MASSACHUSETTS 

Burlington 

617-221-1850 

NEW JERSEY 

Mt. Laurel 

609-727-1909 

NEW YORK 

Great Neck 

516-829-9441 

TEXAS 

Dallas 

214-733-0800 

INTERNATIONAL 

FRANCE 

Paris 

33-1-346-54046 

GERMANY 

Munich 

49-8-963-8130 

ITALY 

Milan 

39-2-262-22141 

JAPAN 

Tokyo 

81-3-345-8911 

KOREA 

Seoul 

82-2-551-0931 

U-K. 

Camberley 

44-2-766-86886 

For literature requests, please contact Harris Telemarketing at 407-724-3739. 
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GENERAL 

INFORMATION 





Alpha Numeric Product Index 


PAGE 

CA 1 24 Internally Compensated, Quad 3-11 

CA 139, A Quad Voltage Comparators 4-3 

CA 158, A Internally Compensated, Dual 3-18 

CA 224 Internally Compensated, Quad 3-11 

CA 239, A Quad Voltage Comparators 4-3 

CA 258, A Internally Compensated, Dual 3-18 

CA 324 * Internally Compensated, Quad 3-11 

CA 339, A Quad Voltage Comparators 4-3 

CA 358, A Internally Compensated, Dual 3-18 

CA 555, C Timer 8-3 

CA 723, C Adjustable Voltage Regulator 2-5 

CA 741, C Internally Compensated, Single 3-29 

CA 1 391 TV Horizontal Processors 8-9 

CA 1394 TV Horizontal Processors 8-9 

CA 1458 Dual 741 Without Offset Null, Dual 3-29 

CA 1524 Pulse Width Modulator 2-13 

CA 1558 Dual 741 Without Offset Null, Dual 3-29 

CA 2524 Pulse Width Modulator 2-13 

CA 2902 Internally Compensated, Quad 3-11 

CA 2904 Internally Compensated, Dual 3-18 

CA 3018, A General-Purpose Transistor Array 7-5 

CA 3020, A Multi-Purpose Wideband Power Amplifier, Single 3-35 

CA 3028A, B Differential/Cascode Amplifier 6-3 

CA 3039 Diode Array 7-11 

CA 3045 General-Purpose N-P-N T ransistor Array 7-15 

CA 3046 General-Purpose N-P-N Transistor Array 7-15 

CA 3049 Dual High-Frequency Differential Amplifier 6-14 

CA 3053 Differential/Cascode Amplifier . . 6-3 

CA 3054 Transistor Array-Dual Differential Amplifier 6-19 

CA 3059 Zero-Voltage Crossing Switch System 2-28 

CA 3060 Programmable/Variable OTA, Triple 3-43 

CA 3078, A Micropower, Externally Compensated, Single 3-54 

CA 3079 Same as CA3059 Without Protection and Inhibit 2-28 

CA 3080, A Programmable/Variable OTA, Single 3-62 

CA 3081 General-Purpose High-Current N-P-N Array 7-21 

CA 3082 General-Purpose High-Current N-P-N Array 7-21 

CA 3083 General-Purpose High-Current N-P-N Array 7-24 

CA 3085, A, B Positive Voltage Regulator 2-39 

CA 3086 General-Purpose N-P-N Transistor Array 7-28 
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Alpha Numeric Product Index (Continued) 


PAGE 

CA 3089 FM IF System 8-14 

CA 3094, A, B Programmable Power Switch/Amplifier, Single 3-71 

CA 3096, A, C N-P-N/P-N-P Transistor Array 7-33 

CA 3098 Programmable Schmitt Trigger-With Memory 4-8 

CA 3100 ±15V, BiMOS, 38MHz, GBW Product, Single 3-82 

CA 3102 Dual High-Frequency Differential Amplifier 6-14 

CA 3126 TV Chroma Processor 8-20 

CA 3127 High-Frequency N-P-N Transistor Array 7-43 

CA 31 30, A ±7V, BiMOS, 15MHz, GBW Product, Single 3-88 

CA 3140.A ±15V, BiMOS, 4.5MHz, GBW Product, Single 3-102 

CA 3141 High-Voltage Diode Array 7-48 

CA 3146, A High-Voltage Transistor Array 7-51 

CA 3160, A ±7.5V, BiMOS, 4MHz, GBW Product, Single 3-122 

CA 3183, A High-Voltage Transistor Array 7-51 

CA 3189 FM IF System 8-27 

CA 3193, A BiMOS Precision, Single 3-138 

CA 3194 Single Chip PAL Luminance/Chroma Processor 8-33 

CA 3217 Single Chip TV Chroma/Luminance Processor 8-41 

CA 3227 High-Frequency N-P-N Transistor Array 7-58 

CA 3240, A ±15V, BiMOS, Int. Comp., Dual 3-149 

CA 3246 High-Frequency N-P-N Transistor Array 7-58 

CA 3256 BiMOS Analog Video Switch and Amplifier 8-50 

CA 3260, A ±7.5V, BiMOS, Int. Comp., Dual 3-1 63 

CA 3280, A Programmable/Variable OTA, Dual 3-167 

CA 3290, A BiMOS Dual Voltage Comparators 4-15 

CA 3420, A Low Voltage BiMOS Op Amp, Single 3-176 

CA 3440, A Nanopower BiMOS Op Amp, Single 3-181 

CA 3450 Video Line Driver, High Speed, Single 3-186 

CA 3524 Regulating Pulse Width Modulator 2-13 

CA 5130, A High Slew Rate and Wide Bandwidth, Single 3-194 

CA 5160, A Frequency-compensated CA 5130, Single 3-211 

CA 5260, A DuaICA 5130 3-229 

CA 5420, A Low Input Current, Low Power, Single 3-235 

CA 5470 Wideband BiMOS, Quad 3-242 

CD 22100 CMOS4x 4 Crosspoint Switch with Control Memory 9-3 

CD 22101 CMOS 4x4x2 Crosspoint Switches with Control Memory 9-9 

CD 22102 CMOS4x4x 2 Crosspoint Switches with Control Memory 9-9 

CD 221 03A CMOS HDB3 (High-Density Bipolar 3) Transcoder for 2.048/8.448 Mbs 9-17 

CD 22202E 5V Low-Power DTMF Receiver 9-24 
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Alpha Numeric Product Index (continued) 

PAGE 

CD 22203E 5V Low-Power DTMF Receiver 9-24 

CD 22204 5V Low-Power DTMF Receiver 9-29 

CD 22301 PCM Line Repeater 9-34 

CD 22M3493 12x8x1 BiMOS-E Crosspoint Switch 9-46 

CD 22M3494 16 x 6 x 1 BiMOS-E Crosspoint Switch 9-51 

CD 22354A CMOS Single-Chip, Full-Feature PCM CODEC 9-38 

CD 22357 A CMOS Single-Chip, Full-Feature PCM CODEC 9-38 

CD 22402 Sync Generator 8-62 

CD 22859 COS/MOS Dual-Tone Multifrequency Tone Generator 9-57 

CD 74HC22106 QMOS 8 x8 x 1 Crosspoint Switch with Memory Control 9-61 

CD 74HCT221 06 QMOS 8x8x1 Crosspoint Switch with Memory Control 9-61 

HA 2400, 04, 05 PRAM Four Channel Programmable Amplifier, Quad 3-247 

HA 2406 Digitally Selectable Four Channel Amplifier, Quad 3-251 

HA 2420, 25 Fast Sample and Hold Amplifier 5-3 

HA 2444 Selectable, Four Channel Video Operational Amplifier 3-255 

HA 2500, 02, 05 Precision High Slew Rate, Single 3-258 

HA 2510,12,15 High Slew Rate, Single 3-262 

HA 2520, 22, 25 Uncompensated High Slew Rate, Single 3-266 

HA 2529 Uncompensated, High Slew Rate, Single 3-271 

HA 2539 Very High Slew Rate Wideband Amplifier, Single 3-277 

HA 2540 Wideband, Fast Settling, Single 3-283 

HA 2541 Wideband, Fast Settling, Unity Gain Stable, Single 3-289 

HA 2542 Wideband, High Slew Rate, High Output Current, Single 3-296 

HA 2544 Video Optimized, Single 3-304 

HA 2546 Two Quadrant, Voltage Output Multiplier 8-69 

HA 2547 Two Quadrant, Current Output Multiplier 8-79 

HA 2548 Precision, High Slew Rate, Wideband, Single 3-313 

HA 2556 Wideband Four Quadrant Voltage Output Analog Multiplier 8-86 

HA 2557 Wideband Four Quadrant Current Output Analog Multiplier 8-89 

HA 2600, 02, 05 Wideband, High Impedance, Single 3-320 

HA 2620, 22, 25 Very Wideband, Uncompensated, Single 3-325 

HA 2640,45 High Voltage, Single 3-330 

HA 2839 Very High Slew Rate Wideband Operational Amplifier 3-335 

HA 2840 Very High Slew Rate Wideband Operational Amplifier 3-338 

HA 2841 Wideband, Fast Settling, Unity Gain Stable, Video Operational Amplifier 3-341 

HA 2842 Wideband, High Slew Rate, High Output Current, Video Operational Amplifier 3-344 

HA 2850 Low Power, High Slew Rate, Wideband Operational Amplifier 3-347 

HA 4741 Enhanced Performance 741 -type, Quad 3-350 

HA 4900, 02, 05 Precision Quad Comparators 4-24 

NOTE: Bold type designates a new product from Harris. 
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Alpha Numeric Product Index (continued) 

PAGE 

HA 5002 Monolithic, Wideband, High Slew Rate, High Output Current Buffer 3-354 

HA 5004 100MHz Current Feedback Amplifier, Single 3-361 

HA 5020 100MHz Current Feedback Video Amplifier 3-368 

HA 5033 Video Buffer 3-372 

HA 51 01 , 1 1 Low Noise, High Performance, Single 3-381 

HA 5102,12 Low Noise, High Performance, Dual 3-391 mm 

HA 5104,14 Low Noise, High Performance, Quad 3-391 HJ 


HA 51 27, A Ultra-Low Noise, Precision, Single 3-400 

HA 5130,35 Precision, Single 3-408 

HA 5134 Precision, Quad 3-415 

HA 51 37, A Ultra-Low Noise, Precision, High Slew Rate, Single 3-422 

HA 5142,44 Dual/Quad Low Power 3-428 

HA 51 47 Ultra-Low Noise, Precision, High Slew Rate, Single 3-435 

HA 51 60, 62 Wideband, JFET Input, High Slew Rate, Single 3-441 

HA 5170 Precision, JFET Input, Single 3-448 

HA 5177, A Ultra-Low Offset Voltage, Single 3-453 

HA 5190, 95 Wideband, Fast Settling, Single 3-461 

HA 5221 , 22 Low Noise, Wideband, Precision, Single/Dual 3-468 

HA 5232, 34 Low Cost Precision Operational Amplifiers 3-478 

HA 5320 High Speed Precision Monolithic Amplifier 5-10 

HA 5330 Very High Speed Monolithic Amplifier 5-17 

HA 5340 Highspeed, Low Distortion, Monolithic Amplifier 5-21 

HA 771 2 , 1 3 Low Power Precision BiMOS Operational Amplifiers 3-481 

HC 5502A SLIC Subscriber Line Interface Circuit 9-69 

HC 5502B SLIC Subscriber Line Interface Circuit 9-75 

HC 5504 SLIC Subscriber Line Interface Circuit 9-82 

HC 5504B SLIC Subscriber Line Interface Circuit 9-88 

HC 5504DLC SLIC Subscriber Line Interface Circuit 9-95 

HC 5509B SLIC Subscriber Line Interface Circuit 9-102 

HC 5524 SLIC Subscriber Line Interface Circuit 9-111 

HC 5560 PCM Transcoder 9-120 

HC 55536 Continuously Variable Slope Delta Demodulator (CVSD) 9-129 

HC 55564 Continuously Variable Slope Delta-Modulator (CVSD) 9-133 

HFA 0001 Ultra High Slew Rate, Single 3-485 

HFA 0002 Low Noise Wideband, Single 3-494 

HFA 0003, 3L Ultra-High Speed Precision Comparator 4-31 

HFA 0005 High Slew Rate, Single 3-502 

HV 250 Half Bridge Complementary MOSFET Driver 2-46 

HV 255 Half Bridge Complementary MOSFET Driver 2-50 

NOTE: Bold type designates a new product from Harris. 
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Alpha Numeric Product Index (continued) 

PAGE 

HV 350 Half Bridge N-Channel MOSFET Driver 2-54 

HV 355 Half Bridge N-Channel MOSFET Driver 2-58 

HV 400 High Speed MOSFET Driver 2-62 

HV 1205 Single Chip Power Supply . . 2-65 

HV 2405E Single Chip Power Supply 2-76 

ICL 644/645/ Low Voltage Step-Up Converters 2-87 

646/647 

ICL 761 1 Low Power, Single 3-51 1 

ICL 761 2 Low Power, Single 3-51 1 

ICL 7621 Low Power, Dual 3-51 1 

ICL 7641 Low Power, Quad 3-511 

ICL 7642 Low Power, Quad 3-511 

ICL 7650S Chopper-Stabilized, Single 3-526 

ICL 7660 CMOS Voltage Converter 2-96 

ICL 7660S Super Voltage Converter 2-105 

ICL 7662 CMOS Voltage Converter 2-115 

ICL 7663S CMOS Programmable Positive Voltage Regulator 2-124 

ICL 7644/7645/ Low Voltage Step-Up Converters 2-87 

7646/7647 

ICL 7665S CMOS Micropower Over/Under Voltage Detector 2-131 

ICL 7667 Dual Power MOSFET Driver 2-141 

ICL 7673 Automatic Battery Back-up Switch 2-149 

ICL 8013 Four Quadrant Analog Multiplier 8-92 

ICL 8038 Precision Waveform Generator/VCO 8-101 

ICL 8048 Log Amplifier 8-110 

ICL 8049 Antilog Amplifier 8-110 

ICL 8211 Programmable Voltage Detector 2-157 

ICL 8212 Programmable Voltage Detector 2-157 

ICM 7242 Long-Range Fixed Timer 8-120 

ICM 7555 General Purpose Timer 8-126 

ICM 7556 Dual General Purpose Timer 8-126 

LM 324 Internally Compensated, Quad 3-11 

LM 339, A Quad Voltage Comparator 4-3 

LM 358 Internally Compensated, Dual 3-18 

LM 555C Timer 8-3 

LM 741, C Internally Compensated, Single 3-29 

LM 1458 Internally Compensated, Dual 3-29 

LM 1558 Internally Compensated, Dual 3-29 

LM 2902 Internally Compensated, Quad 3-11 

LM 2904 Internally Compensated, Dual 3-18 

NOTE: Bold type designates a new product from Harris. 
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Product Index by Family 


ARRAYS page 

CA 3018, A General-Purpose Transistor Array 7-5 

CA 3039 Diode Array 7-11 

CA 3045 General-Purpose N-P-N Transistor Array 7-15 

CA 3046 General-Purpose N-P-N Transistor Array 7-15 

CA 3081 General-Purpose High-Current N-P-N Array 7-21 

CA 3082 General-Purpose High-Current N-P-N Array 7-21 


CA 3083 General-Purpose High-Current N-P-N Array 7-24 

C A 3086 General-Purpose N-P-N Transistor Array 7-28 

CA 3096, A, C N-P-N/P-N-P Transistor Array 7-33 

CA 3127 High-Frequency N-P-N Transistor Array 7-43 

CA 3141 High-Voltage Diode Array 7-48 

CA 3146, A High-Voltage Transistor Array 7-51 

CA 3183, A High-Voltage Transistor Array 7-51 

CA 3227 High-Frequency N-P-N Transistor Array 7-58 

CA 3246 High-Frequency N-P-N Transistor Array 7-58 

COMPARATORS 

CA 139, A Quad Voltage Comparators 4-3 

CA 239, A Quad Voltage Comparators 4-3 

CA 339, A Quad Voltage Comparators 4-3 

CA 3098 Programmable Schmitt Trigger-With Memory 4-8 

CA 3290, A BiMOS Dual Voltage Comparators 4-15 

HA 4900, 02, 05 Precision Quad Comparators 4-24 

HFA 0003, 3L Ultra-High Speed Precision Comparator 4-31 

LM 339, A Quad Voltage Comparator 4-3 

DIFFERENTIAL AMPLIFIERS 

CA 3028A, B Differential/Cascode Amplifier 6-3 

CA 3049 Dual High-Frequency Differential Amplifier 6-14 

CA 3053 Differential/Cascode Amplifier 6-3 

CA 3054 Transistor Array-Dual Differential Amplifier 6-19 

CA 3102 Dual High-Frequency Differential Amplifier 6-14 

OPERATIONAL AMPLIFIERS 

CA 124 Internally Compensated, Quad 3-11 

CA 158, A Internally Compensated, Dual 3-18 

CA 224 Internally Compensated, Quad 3-11 

CA 258, A Internally Compensated, Dual 3-18 

CA 324 Internally Compensated, Quad 3-11 

CA 358, A Internally Compensated, Dual 3-18 

CA 741, C Internally Compensated, Single 3-29 

CA 1458 Dual 741 without Offset Null, Dual 3-29 

NOTE: Bold type designates a new product from Harris. 
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Product Index by Family (continued) 

OPERATIONAL AMPLIFIERS page 

CA 1 558 Dual 741 without Offset Null, Dual 3-29 

CA 2902 Internally Compensated, Quad 3-11 

CA 2904 Internally Compensated, Dual 3-18 

CA 3020, A Multi-Purpose Wideband Power Amplifier, Single 3-35 

CA 3060 Programmable/Variable OTA, Triple 3-43 

CA 3078, A Micropower, Externally Compensated, Single 3-54 

CA 3080, A Programmable/Variable OTA, Single 3-62 

CA 3094, A, B Programmable Power Switch/Amplifier, Single 3-71 

CA 3100 ±15V, BiMOS, 38MHz, GBW Product, Single 3-82 

CA 3130, A ±7V, BiMOS, 1 5MHz, GBW Product, Single 3-88 

CA 31 40, A ±15V, BiMOS, 4.5MHz, GBW Product, Single 3-102 

CA 3160, A ±7.5V, BiMOS, 4MHz, GBW Product, Single 3-122 

CA 3193, A BiMOS Precision, Single 3-138 

CA 3240, A ±15V, BiMOS, Int. Comp., Dual 3-149 

CA 3260, A ±7.5V, BiMOS, Int. Comp., Dual 3-1 63 

CA 3280, A Programmable/Variable OTA, Dual 3-167 

CA 3420, A Low Voltage BiMOS Op Amp, Single 3-176 

CA 3440, A Nanopower BiMOS Op Amp, Single 3-181 

CA 3450 Video Line Driver, High Speed, Single 3-1 86 

CA 51 30, A High Slew Rate and Wide Bandwidth, Single 3-1 94 

CA 5160, A Frequency-compensated CA 5130, Single 3-211 

CA 5260, A Dual CA 51 30 3-229 

CA 5420, A Low Input Current, Low Power, Single 3-235 

CA 5470 Wideband BiMOS, Quad 3-242 

HA 2400, 04, 05 PRAM Four Channel Programmable Amplifier, Quad 3-247 

HA 2406 Digitally Selectable Four Channel Amplifier, Quad 3-251 

HA 2444 Selectable, Four Channel Video Operational Amplifier 3-255 

HA 2500, 02, 05 Precision High Slew Rate, Single 3-258 

HA 251 0, 1 2, 1 5 High Slew Rate, Single 3-262 

HA 2520, 22, 25 Uncompensated High Slew Rate, Single 3-266 

HA 2529 Uncompensated, High Slew Rate, Single 3-271 

HA 2539 Very High Slew Rate Wideband Amplifier, Single 3-277 

HA 2540 Wideband, Fast Settling, Single 3-283 

HA 2541 Wideband, Fast Settling, Unity Gain Stable, Single 3-289 

HA 2542 Wideband, High Slew Rate, High Output Current, Single 3-296 

HA 2544 Video Optimized, Single 3-304 

HA 2548 Precision, High Slew Rate, Wideband, Single 3-313 

HA 2600, 02, 05 Wideband, High Impedance, Single 3-320 

HA 2620, 22, 25 Very Wideband, Uncompensated, Single 3-325 

HA 2640, 45 High Voltage, Single 3-330 

HA 2839 Very High Slew Rate Wideband Operational Amplifier 3-335 

NOTE: Bold types designates a new product from Harris. 
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Product Index by Family (continued) 


OPERATIONAL AMPLIFIERS PAGE 

HA 2840 Very High Slew Rate Wideband Operational Amplifier 3-338 

HA 2841 Wideband, Fast Settling, Unity Gain Stable, Video Operational Amplifier 3-341 

HA 2842 Wideband, High Slew Rate, High Output Current, Video Operational Amplifier 3-344 

HA 2850 Low Power, High Slew Rate, Wideband Operational Amplifier 3-347 

HA 4741 Enhanced Performance 741 -type, Quad 3-350 

HA 5002 Monolithic, Wideband, High Slew Rate, High Output Current Buffer 3-354 


HA 5004 100MHz Current Feedback Amplifier, Single 3-361 Q 

HA 5020 100MHz Current Feedback Video Amplifier 3-368 

HA 5033 Video Buffer 3-372 

HA 5101,11 Low Noise, High Performance, Single 3-381 

HA 5102,12 Low Noise, High Performance, Dual 3-391 

HA 5104, 14 Low Noise, High Performance, Quad 3-391 

HA 5127, A Ultra-Low Noise, Precision, Single 3-400 

HA 5130,35 Precision, Single 3-408 

HA 5134 Precision, Quad 3-415 

HA 5137, A Ultra-Low Noise, Precision, High Slew Rate, Single 3-422 

HA 5142, 44 Dual/Quad Low Power 3-428 

HA 5147 Ultra-Low Noise, Precision, High Slew Rate, Single 3-435 

HA 51 60, 62 Wideband, JFET Input, High Slew Rate, Single 3-441 

HA 5170 Precision, JFET Input, Single 3-448 

HA 51 77, A Ultra-Low Offset Voltage, Single 3-453 

HA 5190, 95 Wideband, Fast Settling, Single 3-461 

HA 5221 , 22 Low Noise, Wideband, Precision, Single/Dual 3-468 

HA 5232,34 Low Cost Precision Operational Amplifiers 3-478 

HA 771 2, 1 3 Low Power Precision BiMOS Operational Amplifiers 3-481 

HFA 0001 Ultra High Slew Rate, Single 3-485 

HFA 0002 Low Noise Wideband, Single 3-494 

HFA 0005 High Slew Rate, Single 3-502 

ICL 7611 Low Power, Single 3-511 

ICL 7612 Low Power, Single 3-511 

ICL 7621 Low Power, Dual 3-51 1 

ICL 7641 Low Power, Quad 3-511 

ICL 7642 Low Power, Quad 3-511 

ICL 7650S Chopper-Stabilized, Single 3-526 

LM 324 Internally Compensated, Quad 3-11 

LM 358 Internally Compensated, Dual 3-18 

LM 741, C Internally Compensated, Single 3-29 

LM 1458 Internally Compensated, Dual 3-29 

LM 1558 Internally Compensated, Dual 3-29 

LM 2902 Internally Compensated, Quad 3-11 

LM 2904 Internally Compensated, Dual 3-18 

NOTE: Bold types designates a new product from Harris. 
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GENERAL 

INFORMATION 


Product Index by Family (continued) 

POWER PROCESSING page 

CONVERTERS 

1C L6 44/6 45/ Low Voltage Step-Up Converters 2-87 

646/647 

ICL7644/7645/ Low Voltage Step-Up Converters 2-87 

7646/7647 

ICL 7660 CMOS Voltage Converter 2-96 

ICL 7660S Super Voltage Converter 2-105 

ICL 7662 CMOS Voltage Converter 2-115 

MOSFET DRIVERS 

HV 250 Half Bridge Complementary MOSFET Driver 2-46 

HV 255 Half Bridge Complementary MOSFET Driver 2-50 

HV 350 Half Bridge N-Channel MOSFET Driver 2-54 

HV 355 Half Bridge N-Channel MOSFET Driver 2-58 

HV 400 High Speed MOSFET Driver 2-62 

ICL 7667 Dual Power MOSFET Driver 2-141 

OFFLINE POWER SUPPLIES 

HV 1205 Single Chip Power Supply 2-65 

HV 2405E Single Chip Power Supply 2-76 

PULSE WIDTH MODULATORS 

CA 1524 Pulse Width Modulator 2-13 

CA 2524 Pulse Width Modulator 2-13 

CA 3524 Regulating Pulse Width Modulator 2-13 

REGULATORS 

CA 723, C Adjustable Voltage Regulator 2-5 

CA 3085,A, B Positive Voltage Regulator 2-39 

ICL 7663S CMOS Programmable Positive Voltage Regulator 2-124 

VOLTAGE MONITORING CIRCUITS 

ICL 7665S CMOS Micropower Over/Under Voltage Detector 2-131 

ICL 7673 Automatic Battery Back-up Switch 2-149 

ICL 8211 Programmable Voltage Detector 2-157 

ICL 8212 Programmable Voltage Detector 2-157 

ZERO VOLTAGE SWITCH 

CA 3059 Zero-Voltage Crossing Switch System 2-28 

CA 3079 Same as CA3059 Without Protection and Inhibit 2-28 

SAMPLE AND HOLD DATA SHEETS 

HA 2420, 25 Fast Sample and Hold Amplifier 5-3 

HA 5320 Highspeed Precision Monolithic Amplifier 5-10 

HA 5330 Very High Speed Monolithic Amplifier 5-1 7 

HA 5340 High Speed, Low Distortion, Monolithic Amplifier 5-21 

NOTE: Bold type designates a new product from Harris. 
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Product Index by Family (continued) 

SPECIAL ANALOG CIRCUITS page 

CA 555, C Timer 8-3 

CA 1391 TV Horizontal Processors 8-9 

CA 1394 TV Horizontal Processors 8-9 

CA 3089 FM IF System 8-14 

CA 3126 TV Chroma Processor 8-20 

CA 3189 FM IF System 8-27 

CA 3194 Single Chip PAL Luminance/Chroma Processor 8-33 


CA 3217 Single Chip TV Chroma/Luminance Processor 8-41 k| 

CA 3256 BiMOS Analog Video Switch and Amplifier 8-50 

CD 22402 Sync Generator 8-62 

HA 2546 Two Quadrant, Voltage Output Multiplier 8-69 

HA 2547 Two Quadrant, Current Output Multiplier 8-79 

HA 2556 Wideband Four Quadrant Voltage Output Analog Multiplier 8-86 

HA 2557 Wideband Four Quadrant Current Output Analog Multiplier 8-89 

ICL 8013 Four Quadrant Analog Multiplier 8-92 

1C L 8038 Precision Waveform Generator/VCO 8-101 

ICL 8048 Log Amplifier 8-110 

ICL 8049 Antilog Amplifier 8-110 

ICM 7242 Long-Range Fixed Timer 8-120 

ICM 7555 General Purpose Timer 8-126 

ICM 7556 Dual General Purpose Timer 8-126 

LM 555C Timer 8-3 

TELECOMMUNICATION 

CD221 00 CMOS 4x4 Crosspoint Switch with Control Memory 9-3 

CD22101 CMOS 4x4x2 Crosspoint Switches with Control Memory 9-9 

CD221 02 CMOS 4x4x2 Crosspoint Switches with Control Memory 9-9 

CD22103A CMOS HDB3 (High-Density Bipolar 3) Transcoder for 2.048/8.448 Mbs 9-17 

CD22202E 5V Low-Power DTMF Receiver 9-24 

CD22203E 5V Low-Power DTMF Receiver 9-24 

CD22204 5V Low-Power DTMF Receiver 9-29 

CD22301 PCM Line Repeater 9-34 

CD22354A CMOS Single-Chip, Full-Feature PCM CODEC 9-38 

CD22357A CMOS Single-Chip, Full-Feature PCM CODEC 9-38 

CD22M3493 12 x 8 x 1 BiMOS-E Crosspoint Switch 9-46 

CD22M3494 16 x 6 x 1 BiMOS-E Crosspoint Switch 9-51 

CD22859 COS/MOS Dual-Tone Multifrequency Tone Generator 9-57 

CD74HC22106 QMOS 8x8x1 Crosspoint Switch with Memory Control 9-61 

CD74HCT22106 QMOS 8x8x1 Crosspoint Switch with Memory Control 9-61 

HC 5502A SLIC Subscriber Line Interface Circuit 9-69 

HC 5502B SLIC Subscriber Line Interface Circuit 9-75 

HC 5504 SLIC Subscriber Line Interface Circuit 9-82 

HC 5504B SLIC Subscriber Line Interface Circuit 9-88 

HC 5504DLC SLIC Subscriber Line Interface Circuit 9-95 

HC 5509B SLIC Subscriber Line Interface Circuit 9-102 

HC 5524 SLIC Subscriber Line Interface Circuit 9-111 

HC 5560 PCM Transcoder 9-120 

HC 55536 Continuously Variable Slope Delta Demodulator (CVSD) 9-129 

HC 55564 Continuously Variable Slope Delta-Modulator (CVSD) 9-133 

NOTE: Bold type designates a new product from Harris. 
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GENERAL 

INFORMATION 


Obsolete Product Listing 


OBSOLETE PART 

RECOMMENDED 
REPLACEMENT PART 

HA 5141 

HA 51 42/CA 3440 

HA 5151 

HA 5142/CA 3440 

HA 51 52 

HA 51 42 

HA5154 

HA 51 44 

HA 51 80 

CA 5420 

HC5512/12A 

NONE 

ICH 8500 

CA 5420 

ICL420 

ICL7650S 

ICL421 

ICL7650S 

ICL422 

ICL7650S 

ICL423 

ICL7650S 

ICL7600 

NONE 

ICL7601 

NONE 

ICL7605 

NONE 

ICL7606 

NONE 

ICL7631 

ICL 7641 /ICL 7642 

ICL7652S 

ICL7650S 

ICL7675 

HV2405E 

ICL7676 

HV 2405 E 

ICL7677 

ICL 7673 

ICL8007 

CA 5420 

ICL8021 

CA 3440 

ICL8023 

ICL 7641 /ICL 7642 

ICM 7240 

ICL 7242 

ICM 7250 

ICL 7242 

LM 201 

LM 201 

LM 301 

LM 301 

LM 31 1 

LM 31 1 

LM 747 

LM 747 

LM 748 

LM 748 

LM 4250 

CA 3440 


OBSOLETE PART 

RECOMMENDED 
REPLACEMENT PART 

CA 081 

NONE 

CA 082 

NONE 

CA 084 

NONE 

CA 101 

LM 101 

CA201 

LM 201 

CA 301 

LM 301 

CA 307 

NONE 

CA311 

LM 31 1 

CA 747 

LM 747 

CA 748 

LM 748 

CA 3000 

NONE 

CA3001 

CA3100 

CA 3002 

CA 3028 

CA 3005 

CA 3100 

C A 3006 

CA 31 00 

CA 301 0/A 

CA 5420 

CA 301 5/A 

CA 3440/CA 3420 

CA 3029/A 

CA 5420 

CA 3030/A 

CA 3440/CA 3420 

CA 3040 

NONE 

CA3250 

CA 3082 

CA3251 

CA 3081 

CA3401 

CA 5470 

CA 3410 

NONE 

CA 3493 

CA3193 

CA 3600 

CD 4002 

CA 5422 

CA 5260/CA 5420 

CA6078 

CA 3078 

CA6741 

CA 741 

HA 2650/55 

CA 3440 

HA 2720/25 

CA 3440 
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Commercial Linear Product Cross Reference 



HARRIS 

(Note 1) 

(Note 2) 


DEVICE 

REPLACEMENT 

PIN TO PIN 

EE 

HARRIS ADVANTAGE OR COMMENTS 

3507J 

HA2-2525-5 

Yes 

1 


3508J 

HA2-2625-5 

Yes 

1 


3551 J 

HA2-51 62-5 

* 

FE 

Reduced Ibias/Greater Bandwidth 

3551 S 

HA2-51 60-2 

* 

FE 

Reduced Ibias/Greater Bandwidth 

3554AM 

HFA1-0001-9 

No 

FE 

Greater Bandwidth/Faster Ts/Lower Cost 

3554BM 

HFA1-0001-9 

No 

FE 

Greater Bandwidth/Faster Ts/Lower Cost 

3554SM 

HFA1-0001-9 

No 

FE 

Greater Bandwidth/Faster Ts/Lower Cost 

AD3554AM 

HFA1-0001-9 

No 

FE 

Greater Bandwidth/Faster Ts/Lower Cost 

AD3554BM 

HFA1-0001-9 

No 

FE 

Greater Bandwidth/Faster Ts/Lower Cost 

AD3554SM 

HFA1-0001-9 

No 

FE 

Greater Bandwidth/Faster Ts/Lower Cost 

AD389BD 

HA1 -5320-2 

No 

FE 

Faster Acquisition/Reduced Droop i 

AD389KD 

HA1 -5320-5 

No 

FE 

Faster Acquisition/Reduced Droop 

AD507JH 

HA2-2625-5 


1 


AD507KH 

HA2-2625-5 


FE 


AD507SH 

HA2-2620-2 

Yes 

1 


AD509JH 

HA2-2525-5 

Yes 

I 

Substitute HA2-2529-5 

AD509KH 

HA2-2525-5 

Yes 

FE 

Substitute HA2-2529-5 

AD509SH 

HA2-2520-2 

Yes 

1 

Substitute HA2-2529-2 

AD518JH 

HA2-2515-5 

Yes 

1 


AD518JN 

HA3-2515-5 

Yes 

1 


AD518KH 

HA2-251 5-5 

Yes 

FE 


AD518SH 

HA2-2510-2 

Yes 

1 


AD539JD 

HA1 -2547-5 

No 

FE 

Enhanced Bandwidth 

AD539KD 

HA1 -2547-5 

No 

FE 

Enhanced Bandwidth 

AD539SD 

HA1 -2547-9 

No 

FE 

Enhanced Bandwidth 

AD542JH 

HA1-5170-5 

* 

FE 

Enhanced ACs 

AD5539JN 

HA3-2539-5 

* 

FE 


AD5539JQ 

HA1 -2539-5 

* 

FE 


AD5539SQ 

HA1 -2539-2 

* 

FE 


AD582KD 

HA1 -2425-5 

No 

FE 

Faster Acquisition/Enhanced ACs 

AD582SD 

HA1 -2420-2 

No 

FE 

Faster Acquisition/Enhanced ACs 


HA1 -2425-5 

Yes 

FE 

Faster Acquisition/Greater lout 

AD585AQ 

HA1 -5320-5 

No 

FE 

Faster Acquisition/Reduced Droop 

AD585SQ 

HA1 -5320-2 

No 

FE 

Faster Acquisition/Reduced Droop 

AD821AQ 

CA5160AE (PDIP) 

* 

FE 

Reduced Ibias/Enhanced ACs 

AD821AS 

CA5160AE (PDIP) 

* 

FE 

Reduced Ibias/Enhanced ACs 

AD821JN 

CA5160AE 

* 

FE 

Reduced Ibias/Enhanced ACs 


NOTES: 


A in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not. 

Electrical equivalency; denoted by the following: I = Identical, FE = Functional Equivalent, E = Enhanced Harris product meets all 
competitor specifications and exceeds several. 
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Commercial Linear Product Cross Reference 


DEVICE 

HARRIS 

REPLACEMENT 

(Note 1) 
PIN TO PIN 

(Note 2) 
EE 

HARRIS ADVANTAGE OR COMMENTS 

AD840JN 

HA3B2840-5 


E 

Enhanced ACs/Lower Cost 

AD840JQ 

HA1 -2840-5 

1 \ H 1 1 '■ 

E 

Enhanced ACs/Lower Cost 

AD840KN 

HA3B2840-5 

Yes 

E 

Enhanced ACs/Lower Cost 

AD840KQ 

HA1 -2840-5 

Yes 

E 

Enhanced ACs/Lower Cost 

AD840SQ 

HA1 -2840/883 

Yes 

E 

Enhanced ACs/Lower Cost 

AD841JH 

HA2-2541 -5 

Yes 

FE 


AD841JN 

HA3B2841 -5 

Yes 

E 

Enhanced ACs/Lower Power 

AD841JQ 

HA1-2541-5 

Yes 

FE 


AD841KH 

HA2-2541 -5 

Yes 

FE 


AD841KN 

HA3B2841-5 

Yes 

E 

Enhanced ACs/Lower Power 

AD841KQ 

HA1-2841-5 

Yes 

E 

Enhanced ACs/Lower Power 

AD841SH 

HA2-2841 /883 

Yes 

E 

Enhanced ACs/Lower Power 

AD841SQ 

HA1 -2841/883 

Yes 

E 

Enhanced ACs/Lower Power 

AD842JH 

HA2-2542-5 

Yes 

FE 


AD842JN 

HA3B2842-5 

Yes 

E 

Enhanced ACs/Lower Cost 

AD842JQ 

HA1 -2542-5 

Yes 

FE 


AD842KH 

HA2-2542-5 

Yes 

FE 


AD842KN 

HA3B2842-5 

Yes 

E 

Enhanced ACs/Lower Cost 

AD842KQ 

HA1 -2542-5 


FE 


AD842SH 

HA2 -2842/883 

BH|H| 

E 

Enhanced ACs/Lower Cost 

AD844AN 

HA3-5020-9 

Yes 

FE 

Enhanced ACs and Video Performance 

AD844AQ 

HA7-5020-9 

Yes 

FE 

Enhanced ACs and Video Performance 

AD844BQ 

HA7-5020-9 

Yes 

FE 

Enhanced ACs and Video Performance 

AD844SQ/883B 

HA7-5020/883 

Yes 

FE 

Enhanced ACs and Video Performance 

AD846AN 

HA3-5020-9 

Yes 

FE 

Enhanced ACs/Lower Cost 

AD846AQ 

HA7-5020-9 


FE 

Enhanced ACs/Lower Cost 

AD846BQ 

HA7-5020-9 


FE 

Enhanced ACs/Lower Cost 

AD846SQ 

HA7-5020/883 

Yes 

FE 

Enhanced ACs/Lower Cost 

AD847JN 

HA3-2544C-5 


FE 


AD847SQ 

HA7-2544C-2 


FE 


AD9610BH 

HA1 -5004-9 

No 

FE 

Greater Bandwidth/Lower Cost Monolithic 

AD9617JN 

HFA3-0001-5 

Yes 

FE 

Greater Bandwidth/Lower Cost 

AD96685BH 

HFA2-0003L-9 

Yes 

1 

Faster Propagation Delay/Lower Cost 

AD96685BQ 

HFA1 -0003L-9 

Yes 

1 

Faster Propagation Delay/Lower Cost 

AD96685BR 

HFA9P0003L-5 

Yes 

1 

Faster Propagation Delay/Lower Cost 

ADLH0032CG 

HA2-2542-5 

* 

FE 

Monolithic/Lower Cost 

ADLH0032G 

HA2-2542-2 

* 

FE 

Monolithic/Lower Cost 


NOTES: 1. A in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not. 

2. Electrical equivalency; denoted by the following: I = Identical, FE = Functional Equivalent, E = Enhanced Harris product meets all 
competitor specifications and exceeds several. 
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Commercial Linear Product Cross Reference 



HARRIS 

(Note 1) 

(Note 2) 


DEVICE 

REPLACEMENT 

PIN TO PIN 

EE 

HARRIS ADVANTAGE OR COMMENTS 

ADLH0033CG 

HA2-5033-5 

* 

FE 

Enhanced ACs/Monolithic/Lower Cost 

ADLH0033G 

HA2-5033-2 

* 

FE 

Enhanced ACs/Monolithic/Lower Cost 

ADOP27AH 

HA2-5127A-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

ADOP27AQ 

HA7-5127A-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

ADOP27EH 

HA2-51 27A-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

ADOP27EQ 

HA7-5127A-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

ADOP27GH 

HA2-5127-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

ADOP27GQ 

HA7-51 27-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

ADOP37AH 

HA2-5137A-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

ADOP37AQ 

HA7-5137A-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

ADOP37EH 

HA2-5137A-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

ADOP37EQ 

HA7-5137A-5 

Yes 

E 

Enhanced ACs/Reduced Icc j 

ADOP37GH 

HA2-5137-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

ADOP37GQ 

HA7-5137-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

AM-450-2 

HA2-2505-5 

Yes 

E 

Guaranteed DCs/ACs 

AM-450-2M 

HA2-2502-2 

Yes 

E 

Guaranteed DCs/ACs 

AM-452-2 

HA2-2525-5 

Yes 

E 

Guaranteed DCs/ACs 

AM-452-2M 

HA2-2522-2 

Yes 

E 

Guaranteed DCs/ACs 

AM-460-2 

HA2-2605-5 

Yes 

E 

Guaranteed DCs/ACs 

AM-460-2M 

HA2-2602-2 

Yes 

E 

Guaranteed DCs/ACs 

AM-462-2 

HA2-2625-5 


E 

Guaranteed DCs/ACs 

AM-462-2M 

HA2-2620-2 


E 

Guaranteed DCs/ACs 

AM-7650-1 

ICL7650SCPD 

ES9HIII 

FE 

Almost Identical 

AM-7650-2 

ICL7650SCTV-1 

mm 

FE 

Almost Identical 

BB3554AM 

HFA1-0001-9 

No 

FE 

Greater Bandwidth/Faster Ts/Lower Cost 

BB3554BM 

HFA1-0001-9 

No 

FE 

Greater Bandwidth/Faster Ts/Lower Cost 

BB3554SM 

HFA1-0001-9 

No 

FE 

Greater Bandwidth/Faster Ts/Lower Cost 

CA3054 

CA3054 

Yes 

1 

SOIC Version Available 

CA3059 

CA3059 

Yes 

1 


CA3079 

CA3079 

Yes 

1 


CA3146P 

CA3146E 

Yes 

1 


CLC400AID 

HFA1-0001-9 

* 

FE 

Faster Transient Response 

CLC400AJP 

HFA3-0001-9 

* 

FE 

Faster Transient Response 

CLC401AID 

HFA1 -0005-9 

* 

FE 

Faster Transient Response 

CLC401AJP 

HFA3-0005-9 

* 

FE 

Faster Transient Response 

CLC430 

HA-5020 

Yes 

E 

Enhanced AC and Video Performance 

CS-1524J 

CA1524F 

Yes 

1 



NOTES: 1. A "*" in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not. 

2. Electrical equivalency; denoted by the following: I = Identical, FE = Functional Equivalent, E = Enhanced Harris product meets all 
competitor specifications and exceeds several. 
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Commercial Linear Product Cross Reference 


DEVICE 

HARRIS 

REPLACEMENT 

CS-2524J 

CS-2524N 

CA2524F 

CA2524E 

CS-3524J 

CS-3524N 

CA3524F 

CA3524E 

DS0026CJ-8 

DS0026CN 

DS0026H 

DS0026J-8 

ICL7667CJA 

ICL7667CPA 

ICL7667MTV 

ICL7667MJA 

EHA1 -2539-2 

EHA1 -2539-5 

HA1 -2539-2 

HA1 -2539-5 

EHA1 -2540-2 

EHA1 -2540-5 

HA1 -2540-2 

HA1 -2540-5 

EHA1-5190-2 

EHA1-5195-5 

HA1-51 90-2 

HA1-5195-5 

EHA2-2500-2 

HA2-2500-2 

EHA2-2502-2 

HA2-2502-2 

EHA2-2505-5 

HA2-2505-5 

EHA2-2510-2 

HA2-2510-2 

EHA2-251 2-2 

HA2-2512-2 

EHA2-2515-5 

HA2-2515-5 

EHA2-2520-2 

HA2-2520-2 

EHA2-2522-2 

HA2-2522-2 

EHA2-2525-5 

HA2-2525-5 

EHA2-2600-2 

HA2-2600-2 

EHA2-2602-2 

HA2-2602-2 

EHA2-2605-5 

HA2-2605-5 

EHA2-2620-2 

HA2-2620-2 

EHA2-2622-2 

EHA2-2625-5 

HA2-2622-2 

HA2-2625-5 

EHA2-5190-2 
EHA2-5 195-5 

HA2-5190-2 

HA2-5195-5 

EHA3-2539-5 

HA3-2539-5 

EHA3-2540-5 

HA3-2540-5 

EHA7-2500-2 

HA7-2500-2 


(Note 1) 
PIN TO PIN 


(Note 2) 
EE 


HARRIS ADVANTAGE OR COMMENTS 




Reduced Icc 
Reduced Icc 
Reduced Icc 
Reduced Icc 




Substitute HA2-2529-2 


Substitute HA2-2529-2 


Substitute HA2-2529-5 



NOTES: 1. A "*" in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not. 

2. Electrical equivalency; denoted by the following: I = Identical, FE = Functional Equivalent, E = Enhanced Harris product meets all 
competitor specifications and exceeds several. 
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Commercial Linear Product Cross Reference 


DEVICE 

HARRIS 

REPLACEMENT 

(Note 1) 
PIN TO PIN 

(Note 2) 
EE 

HARRIS ADVANTAGE OR COMMENTS 

EHA7-2502-2 

HA7-2502-2 

Yes 

1 


EHA7-2505-5 

HA7-2505-5 

Yes 

1 


EHA7-2510-2 

HA7-251 0-2 

Yes 

1 



HA7-251 2-2 

Yes 

1 



HA7-251 5-5 

Yes 

1 



HA7-2520-2 

Yes 

1 


EHA7-2522-2 

HA7-2522-2 

Yes 

1 


EHA7-2525-5 

HA7-2525-5 

Yes 

1 



HA7-2600-2 

Yes 

1 



HA7-2602-2 

Yes 

1 


| EHA7-2605-5 

HA7-2605-5 

Yes 

1 



HA7-2620-2 

Yes 

1 



HA7-2622-2 

Yes 

1 


EHA7-2625-5 

HA7-2625-5 

Yes 

1 


EL2003CH 

HA2-5002-5 

Yes 

FE 

Greater Slew Rate/Reduced Icc 

EL2003CJ 

HA7-5002-5 

No 

FE 

Greater Slew Rate/Reduced Icc 

EL2003CN 

HA3-5002-5 

No 

FE 

Greater Slew Rate/Reduced Icc 

EL2003CPL 

HA9P5002-9 

No 

FE 

Greater Slew Rate/Reduced Icc 

EL2003H 

HA2-5002-2 

Yes 

FE 

Greater Slew Rate/Reduced Icc 

EL2003J 

HA7-5002-2 

No 

FE 

Greater Slew Rate/Reduced Icc 

EL2005CG 

HA2-5033-5 

★ 

FE 

Greater Bandwidth 

EL2005G 

HA2-5033-2 

* 

FE 

Greater Bandwidth 

EL2020CN 

HA3-5020-5 

Yes 


Enhanced ACs and DCs/Lower Cost 

EL2020CJ 

HA7-5020-5 

Yes 


Enhanced ACs and DCs/Lower Cost 

EL2020J 

HA7-5020/883 

Yes 


Enhanced ACs and DCs/Lower Cost 

EL2020J/883B 

HA7-5020/883 

Yes 


Enhanced ACs and DCs/Lower Cost 

EL2020CM 

HA9P5020-5 

* 

pg§§jHB| 

Enhanced ACs and DCs/Lower Cost 

EL2030CN 

HA3-5020-5 

Yes 

jam 

Enhanced DCs/Lower Cost 

EL2030CJ 

HA7-5020-5 

* 


Enhanced DCs/Lower Cost 

EL2030J/883B 

HA7-5020/883 

* 

E9I 

Enhanced DCs/Lower Cost 

EL2033CJ 

HA7-5002-5 

* 

FE 

Greater Slew Rate/Reduced Icc 

EL2033CN 

HA3-5002-5 

* 

FE 

Greater Slew Rate/Reduced Icc 

EL2033J 

HA7-5002-2 

* 

FE 

Greater Slew Rate/Reduced Icc 

EL2039CJ 

HA1 -2839-5 

Yes 

FE 

Enhanced ACs/Lower Power/Lower Cost 

EL2039CN 

HA3-2839-5 

Yes 

FE 

Enhanced ACs/Lower Power/Lower Cost 

EL2039J 

HA1 -2839/883 

Yes 

FE 

Enhanced ACs/Lower Power/Lower Cost 



NOTES: 


1. A in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not. 

2. Electrical equivalency; denoted by the following: I = Identical, FE = Functional Equivalent, E = Enhanced Harris product meets all 
competitor specifications and exceeds several. 


1-17 


GENERAL 

INFORMATION 























































Commercial Linear Product Cross Reference 


DEVICE 

HARRIS 

REPLACEMENT 

(Note 1) 
PIN TO PIN 

(Note 2) 
EE 

HARRIS ADVANTAGE OR COMMENTS 

EL2040CJ 

HA1 -2840-5 

Yes 

FE 

Enhanced ACs/Lower Power/Lower Cost 

EL2040CN 

HA3-2840-5 

Yes 

FE 

Enhanced ACs/Lower Power/Lower Cost 

EL2040J 

HA1 -2840/883 

Yes 

FE 

Enhanced ACs/Lower Power/Lower Cost 

EL2041CG 

HA2-2541 -5 

mm 


Enhanced ACs/Lower Power/Lower Cost 

EL2041CJ 

HA1-2841-5 



Enhanced ACs/Lower Power/Lower Cost 

EL2041G 

HA2-2841/883 

Yes 


Enhanced ACs/Lower Power/Lower Cost 

EL2041J 

HA1 -2841/883 

Yes 


Enhanced ACs/Lower Power/Lower Cost 

EL2190G 

HA2-5 190-2 

Yes 

FE 


EL2190J 

HA1-5190-2 

Yes 

FE 


EL2195CG 

HA2-5195-5 

Yes 

FE 


EL2195CJ 

HA1-5195-5 

Yes 

FE 


ELH0032CG 

HA2-2542-5 

* 

FE 


ELH0032G 

HA2-2542-2 

* 

FE 


ELH0033CG 

HA2-5033-5 

* 

FE 

Greater Bandwidth 

ELH0033G 

HA2-5033-2 

* 

FE 

Greater Bandwidth 

HOS-IOOAH 

HA2 -5033-2 

* 

FE 

Greater Bandwidth/Lower Cost 

HOS-IOOSH 

HA2-5033-2 

* 

FE 

Greater Bandwidth/Lower Cost 

HOS050 

HA2-2542-2 

* 

FE 

Lower Cost 

HOS050A 

HA2-2542-2 

* 

FE 

Lower Cost 

HOS050C 

HA2-2542-2 

★ 

FE 

Lower Cost 

ICL7611ACPA 

ICL7611ACPA 

Yes 

1 


ICL761 1ACTV 

ICL7611ACTV 

Yes 

1 


ICL7611AMTV 

ICL7611AMTV 

Yes 

1 


ICL7611BCPA 

ICL7611BCPA 

Yes 

1 


ICL7611BCTV 

ICL7611BCTV 

Yes 

1 


ICL7611BMTV 

ICL7611BMTV 

Yes 

1 


ICL7611DCPA 

ICL761 1 DCPA 

Yes 

1 


ICL7611DCSA 

ICL761 1 DCBA 

Yes 

1 


ICL761 1 DCTV 

ICL761 1 DCTV 

Yes 

1 


ICL761 1 DMTV 

ICL761 1 DMTV 

Yes 

1 


ICL7612ACPA 

ICL7612ACPA 

Yes 

1 


ICL761 2ACTV 

ICL7612ACTV 

Yes 

1 


ICL7612AMTV 

ICL7612AMTV 

Yes 



ICL7612BCPA 

ICL7612BCPA 

Yes 

1 


ICL7612BCTV 

ICL7612BCTV 

Yes 



ICL7612BMTV 

ICL7612BMTV 

Yes 

1 


ICL7612DCPA 

ICL7612DCPA 

Yes 

1 


ICL7612DCSA 

ICL7612DCBA 

Yes 

1 


ICL7612DCTV 

ICL7612DCTV 

Yes 

1 


ICL7612DMTV 

ICL7612DMTV 

Yes 

1 



NOTES: 1. A in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not. 


2. Electrical equivalency: denoted by the following: I = Identical, FE = Functional Equivalent, E = Enhanced Harris product meets all 
competitor specifications and exceeds several. 
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Commercial Linear Product Cross Reference 


DEVICE 

HARRIS 

REPLACEMENT 

(Note 1) 
PIN TO PIN 

(Note 2) 
EE 

HARRIS ADVANTAGE OR COMMENTS 

ICL7621ACPA 

ICL7621ACPA 

Yes 

___ 


ICL7621ACTV 

ICL7621ACTV 

Yes 



ICL7621AMTV 

ICL7621AMTV 

Yes 



ICL7621 BCPA 

ICL7621 BCPA 

Yes 



ICL7621BCTV 

ICL7621BCTV 

Yes 



ICL7621BMTV 

ICL7621BMTV 

Yes 



ICL7621 DCPA 

ICL7621DCPA 

Yes 



ICL7621DCSA 

ICL7621 DCBA 

Yes 

| 


ICL7621DCTV 

ICL7621DCTV 

Yes 

i 


ICL7621DMTV 

ICL7621DMTV 

Yes 

i 


ICL7641CCPD 

ICL7641CCPD 

Yes 

i 


ICL7641ECPD 

ICL7641 ECPD 

Yes 

i 


ICL7642CCJD 

ICL7642CCJD 

Yes 

i 


ICL7642CCPD 

ICL7642CCPD 

Yes 

i 


ICL7642CMJD 

ICL7642CMJD 

Yes 

i 


ICL7642ECJD 

ICL7642ECJD 

Yes 

i 


ICL7642ECPD 

ICL7642ECPD 

Yes 

i 


ICL7642EMJD 

ICL7642EMJD 

Yes 

i 


ICL7650BCPA-1 

ICL7650SCPA-1 

Yes 

FE 

Reduced Vio/lbias 

ICL7650BCPD 

ICL7650SCPD 

Yes 

FE 

Reduced Vio/lbias 

ICL7650BCTV-1 

ICL7650SCTV-1 

Yes 

FE 

Reduced Vio/lbias 

ICL7660CPA 

ICL7660SCPA 

★ 

E 

Reduced Icc 

ICL7660CSA 

ICL7660SIBA 

★ 

E 

Reduced Icc 

ICL7660CTV 

ICL7660SCTV 

* 

E 

Reduced Icc 

ICL7660IJA 

ICL7660S1PA (PDIP) 

* 

E 

Reduced Icc 

ICL7660ITV 

ICL7660SITV 

* 

E 

Reduced Icc 

ICL7660SMTV 

ICL7660SMTV 

* 

E 

Reduced Icc 

ICL7662CPA 

ICL7662CPA 

Yes 

E 

Reduced Vcc 

ICL7662CTV 

ICL7662CTV 

Yes 

E 

Reduced Vcc 

ICL7663ACPA 

ICL7663SACPA 

Yes 

E 

Wider Voltage Range/Reduced Rsat 

ICL7663ACSA 

ICL7663SCBA 

Yes 

E 

Wider Voltage Range/Reduced Rsat 

ICL7663AIJA 

ICL7663SACJA 

Yes 

E 

Wider Voltage Range/Reduced Rsat 

ICL7663BCPA 

ICL7663SCPA 

Yes 

E 

Wider Voltage Range/Reduced Rsat 

ICL7663BIJA 

ICL7663SIJA 

Yes 

E 

Wider Voltage Range/Reduced Rsat 

ICL7663CPA 

ICL7663SCPA 

Yes 

E 

Wider Voltage Range/Reduced Rsat 

ICL7663CSA 

ICL766C.SCBA 

Yes 

E 

Wider Voltage Range/Reduced Rsat 

ICL7663IJA 

ICL7663SIJA 

Yes 

E 

Wider Voltage Range/Reduced Rsat 

ICL7665ACJA 

ICL7665SACJA 

Yes 

1 


ICL7665ACPA 

ICL7665SACPA 

Yes 

1 

Enhanced Supply Range/T empco 

ICL7665BCPA 

ICL7665SCPA 

Yes 

E 

Enhanced Supply Range/Tempco 

ICL7665BCSA 

ICL7665SCBA 

Yes 

E 


ICL7665CJA 

ICL7665SCJA 

Yes 

1 


ICL7665CPA 

ICL7665SCPA 

Yes 

1 


ICL7665CSA 

ICL7665SCBA 

Yes 

1 




NOTES: 


A in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not. 

Electrical equivalency; denoted by the following: I = Identical, FE = Functional Equivalent, E = Enhanced Harris product meets all 
competitor specifications and exceeds several. 
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Commercial Linear Product Cross Reference 



HARRIS 

(Note 1) 

(Note 2) 


DEVICE 

REPLACEMENT 

PIN TO PIN 

EE 

HARRIS ADVANTAGE OR COMMENTS 

ICL7667CBA 

ICL7667CBA 

Yes 

FE 


ICL7667CJA 

ICL7667CJA 

Yes 

FE 


ICL7667CPA 

ICL7667CPA 

Yes 

FE 


ICL7667MJA 

ICL7667MJA 

Yes 

FE 


ICM7242IPA 

ICM7242IPA 

Yes 

FE ; 


ICM7555CD 

ICM7555CBA 

Yes 

FE 


ICM7555CN 

ICM7555IPA 

Yes 

FE 

Wider Operating Voltage Range 

ICM7555IN 

ICM7555IPA 

Yes 

FE 

Wider Operating Voltage Range 

ICM7555IPA 

ICM7555IPA 

Yes 

FE 

Wider Operating Voltage Range 

ICM7555ITV 

ICM7555ITV 

Yes 

FE 


ICM7555MTV 

ICM7555MTV 

Yes 

FE 


ICM7556IPD 

ICM7556IPD 


FE 

Wider Operating Supply Range 

ICM7556MJD 

ICM7556MJD 


FE 

Wider Operating Supply Range 

KF351N 

CA3140E 

Yes 

FE 

Reduced Ibias/lio 

KS272ACN 

CA5260AE 

Yes 

FE 

Specified @ +5V Supply 

KS272AIN 

CA5260AE 

Yes 

FE 

Specified <g> +5V Supply 

KS272CN 

CA5260E 

Yes 

FE 

Specified @ +5V Supply 

KS272IN 

CA5260E 

Yes 

FE 

Specified @ +5V Supply 

KS274CN 

CA5470E 

Yes 

FE 

Greater Bandwidth/Spec. @ +5V Supply 

KS274IN 

CA5470E 

Yes 

FE 

Greater Bandwidth/Spec. @ +5V Supply 

LF157H 

CA3130AT 

Yes 

FE 

Reduced Ibias 

LF198AH 

HA1 -2420-2 (CDIP) 

No 

FE 

Faster Acquisition 

LF198H 

HA1 -2420-2 (CDIP) 

No 

FE 

Faster Acquisition 

LF351D 

CA3140M 

Yes 

FE 

Reduced Ibias/lio 

LF351H 

CA3140T 

Yes 

FE 

Reduced Ibias/lio 

LF351M 

CA3140M 

Yes 

FE 

Reduced Ibias/lio 

LF351N 

CA3140E 

Yes 

FE 

Reduced Ibias/lio 

LF351P 

CA3140E 

Yes 

FE 

Reduced Ibias/lio 

LF353N 

CA3240E 

Yes 

FE 

Reduced Ibias/lio 

LF353P 

CA3240E 

Yes 

FE 

Reduced Ibias/lio 

LF357AH 

CA3130AT 

Yes 

FE 

Reduced Ibias 

LF357H 

CA3130T 

Yes 

FE 

Reduced Ibias/lio 

LF357M 

CA3130M 

Yes 

FE 

Reduced Ibias/lio 

LF357N 

CA3130E 

Yes 

FE 

Reduced Ibias/lio 

LF398AH 

HA1 -2425-5 (CDIP) 

No 

FE 

Faster Acquisition 

LF398AN 

HA3-2425-5 

No 

FE 

Faster Acquisition 

LF398H (CAN) 

HA1 -2425-5 (CDIP) 

No 

FE 

Faster Acquisition 

LF398N 

HA3-2425-5 

No 

FE 

Faster Acquisition 

LF400CH 

CA3100T 

* 

FE 

Similar ACs 


NOTES: 1. A in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not. 

2. Electrical equivalency; denoted by the following: I = Identical, FE = Functional Equivalent, E = Enhanced Harris product meets all 
competitor specifications and exceeds several. 
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Commercial Linear Product Cross Reference 


DEVICE 

HARRIS 

REPLACEMENT 

(Note 1) 
PIN TO PIN 

(Note 2) 
EE 

HARRIS ADVANTAGE OR COMMENTS 

LF411CD 

CA3140AM 

Yes 

FE 

Reduced Ibias/lio 

LF411CH 

CA3140AT 

Yes 

FE 

Reduced Ibias/lio 

LF411CN 

CA3140AE 

Yes 

FE 

Reduced Ibias/lio 

LF411CP 

CA3140AE 

Yes 

FE 

Reduced Ibias/lio 

LF411MH 

CA3140AT 

Yes 

FE 

Reduced Ibias/lio 

LF412CD 

CA3240AE 

Yes 

FE 

Reduced Ibias/lio 

LF412CN 

CA3140AE 

Yes 

FE 

Reduced Ibias/lio 

LF412CP 

CA3240AE 

Yes 

FE 

Reduced Ibias/lio 

LH0002CH 

HA2-5002-5 

* 

E 

Enhanced ACs/DCs/Monolithic 

LH0002CN 

HA3-5002-5 

No 

E 

Enhanced ACs/DCs/Monolithic 

LH0002H 

HA2-5002-2 

* 

E 

Enhanced ACs/DCs/Monolithic 

LH0022CD 

CA3140AE (PDIP) 

No 

FE 

Greater Bandwidth/Slew Rate 

LH0022CH 

CA3140AT 

Yes 

FE 

Greater Bandwidth/Slew Rate 

LH0032ACG 

HA2-2542-S 

Yes 

FE 

Monolithic/Lower Cost 

LH0032AG 

HA2-2542-2 

Yes 

FE 

Monolithic/Lower Cost 

LH0032CG 

HA2-2542-5 

Yes 

FE 

Monolithic/Lower Cost 

LH0032G 

HA2-2542-2 

Yes 

FE 

Monolithic/Lower Cost 

LH0033ACG 

HA2-5033-5 

* 

FE 

Greater Bandwidth/Monolithic/Lower Cost 

LH0033AG 

HA2-5033-2 

* 

FE 

Monolithic/Lower Cost 

LH0033CG 

HA2-5033-5 

* 

FE 

Greater Bandwidth/Monolithic/Lower Cost 

LH0033CJ 

HA3-5033-5 

* 

FE 

Monolithic/Lower Cost 

LH0033G 

HA2-5033-2 

* 

FE 

Monolithic/Lower Cost 

LH0042CD 

CA3140E (PDIP) 

No 

FE 

Greater Bandwidth/Slew Rate 

LH0042CH 

CA3140T 

Yes 

FE 

Greater Bandwidth/Slew Rate 

LH4004CD 

HA1 -5004-5 

No 

FE 

Monolithic/Lower Cost 

LH4004D 

HA1 -5004-9 

No 

FE 

Monolithic/Lower Cost 

LH4161CH 

HA2-2544-5 

No 

FE 

PDIP Substitute is HA3-2544C-5 

LH4161CJ 

HA7-2544-5 

No 

FE 


LH4161H 

HA2-2544-2 

No 

FE 


LH4161J 

HA7-2544-2 

No 

FE 


LM143H 

HA2-2640-2 

* 

FE 

Enhanced ACs 

LM1524DJ 

CA1524F 

Yes 

1 


LM193H 

CA3290AT 

Yes 

FE 

MOSFET Input 


CA2524E 

Yes 

1 


LM2901N 

CA3290AE 

Yes 

FE 

MOSFET Input 

LM2903N 

CA3290AE 

Yes 

FE 

MOSFET Input 

LM293H 

CA3290AT 

Yes 

FE 

MOSFET Input 

LM3045J 

CA3045F 

Yes 

1 


LM3046D 

CA3046M 

Yes 

FE 


LM3046N 

CA3046E 

Yes 

1 




NOTES: 1. A in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not. 


2. Electrical equivalency: denoted by the following: I = Identical, FE = Functional Equivalent, E = Enhanced Harris product meets all 
competitor specifications and exceeds severai. 
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Commercial Linear Product Cross Reference 


DEVICE 

HARRIS 

REPLACEMENT 

(Note 1) 
PIN TO PIN 

(Note 2) 
EE 

HARRIS ADVANTAGE OR COMMENTS 

LM3080AN 

CA3080AE 


FE 


LM3080N 

CA3080E 


FE 


LM3086J 

CA3086F 

Yes 

mm 


LM3086M 

CA3086M 

Yes 



LM3086N 

CA3086 

Yes 



LM3146M 

CA3146M 


i 

Enhanced "A” Version Offered 

LM3146N 

CA3146E 


i 

Enhanced "A" Version Offered 

LM3302N 

CA3290E/LM3302N 

Yes 

i 


LM3401N 

CA3401E 

Yes 

E 

Greater Bandwidth 

LM343H 

HA2-2645-5 

* 

FE 

Enhanced ACs 

LM3524DN 

CA3524E 


mm 


LM3524J 

CA3524F 




LM3524N 

CA3524E 

Yes 



LM393H 

CA3290AT 

1 

FE 

MOSFET Input 

LM393N 

CA3290AE 

. 

FE 

MOSFET Input 

LM556CN 

ICM7556IPD 

Yes 

FE 

CMOS/Reduced Icc 

LM604ACM 

HA9P2406-5 

No 

FE 

Enhanced ACs 

LM604ACN 

HA3-2406-5 

No 

FE 

Enhanced ACs 

LM604AMJ 

HA1 -2400-2 

No 

FE 

Enhanced ACs 

LM604CM 

HA9P2406-5 

No 

FE 

Enhanced ACs 

LM604CN 

HA3-2406-5 

No 

FE 

Enhanced ACs 

LM6118J 

HA7-5222-9 

Yes 

FE 

Lower Vio 

LM6161J 

HA7-2544-2 

* 

FE 

Guaranteed Differential Phase/Gain 

LM6164J 

HA1-5190-2 

No 

FE 

Reduced Voltage Noise 

LM6165J 

HA1 -2540-2 

No 

FE 

Enhanced Slew Rate/Avol 

LM6218AH 

HA2-5222-9 

No 

FE 

Lower Vio 

LM6218AJ 

HA7-5222-9 

Yes 

FE 

Lower Vio 

LM6361N 

HA3-2544C-5 

* 

FE 

Guaranteed Differential Phase/Gain 

LM6364N 

HA1-5195-5 

No 

FE 

Reduced Voltage Noise 

LM6365N 

HA3-2540C-5 

No 

FE 

Enhanced Slew Rate/Avol 

LM723CH 

CA0723CT 


mm 


LM723CN 

CA0723CE 




LM723H 

CA0723T /LM723H 

Yes 



LMC555CH 

ICM7555ITV 



Reduced Icc/Wider Supply Range 

LMC555CM 

ICM7555CBA 



Reduced Icc/Wider Supply 7yRange 

LMC555CN 

ICM7555IPA 



Reduced Icc/Wider Supply Range 


NOTES: 1. A in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not. 

2. Electrical equivalency; denoted by the following: I = Identical, FE = Functional Equivalent, E = Enhanced Harris product meets all 
competitor specifications and exceeds several. 
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Commercial Linear Product Cross Reference 


DEVICE 

HARRIS 

REPLACEMENT 

(Note 1) 
PIN TO PIN 

(Note 2) 
EE 

HARRIS ADVANTAGE OR COMMENTS 

LMC668ACJ 

ICL7650SIJD 


E 

Enhanced DCs 

LMC668ACJ-8 

ICL7650SIJA-1 


E 

Enhanced DCs 

LMC668ACN 

ICL7650SIPD 


E 

Enhanced DCs 

MC668ACN-8 

ICL7650SCPA-1 

Yes 

E 

Enhanced DCs 

LMC7660IN 

ICL7660SIPA 

* 

E 

Reduced Icc/Enhanced Efficiency 

LS204AT 

HA2-51 02-2 

Yes 

FE 

Reduced Noise Voltage 

LS204CB 

HA3-5 102-5 

Yes 

FE 

Reduced Noise Voltage 

LS204CM 

HA9P-51 02-5 

Yes 

FE 

Reduced Noise Voltage 

LS204CT 

HA2-51 02-5 

Yes 

FE 

Reduced Noise Voltage 

LS204T 

HA2-5 102-2 

Yes 

FE 

Reduced Noise Voltage 

LS404CB 

HA3-51 04-5 

Yes 

FE 

Reduced Noise Voltage 

LS404CM 

HA9P-5 104-5 


FE 

Reduced Noise Voltage 

LS404M 

HA9P-5 104-9 


FE 

Reduced Noise Voltage 

u 

CA3440AE 

Yes 

FE 



CA3440AT 

Yes 

FE 


LT1001CH 

HA2-51 77-5 

Yes 

FE 

Enhanced ACs/Reduced Icc 

LT1001CJ8 

HA7-5177-5 

Yes 

FE 

Enhanced ACs/Reduced Icc 

LT1001MH 

HA2-5177-2 

Yes 

FE 

Enhanced ACs/Reduced Icc 

LT1001MJ8 

HA7-51 77-2 

Yes 

FE 

Enhanced ACs/Reduced Icc 

LT1014ACJ 

HA1-5134A-5 


FE 

Reduced Vio/Enhanced ACs 

LT1014AMJ 

HA1-5134A-2 


FE 

Reduced Vio/Enhanced ACs 

LT1014CJ 

HA1-5134-5 

Yes 

FE 

Reduced Vio/Enhanced ACs 

LT1014MJ 

HA1-5134-2 

Yes 

FE 

Reduced Vio/Enhanced ACs 


HA2-51 60-5 

* 

FE 

Greater Bandwidth/Slew Rate 


HA2-51 60-2 

* 

FE 

Greater Bandwidth/Slew Rate 

LT1037ACH 

HA2-5137A-5 

Yes 

FE 

Enhanced ACs/Reduced Icc 

LT1037ACJ8 

HA7-5137A-5 

Yes 

FE 

Enhanced ACs/Reduced Icc 

LT1037AMH 

HA2-5137A-2 

Yes 

FE 

Enhanced ACs/Reduced Icc 

LT1 037AM J8 

HA7-5137A-2 

Yes 

FE 

Enhanced ACs/Reduced Icc 

LT1037CH 

HA2-5137-5 

Yes 

FE 

Enhanced ACs/Reduced Icc 

LT1037CJ8 

HA7-5137-5 

Yes 

FE 

Enhanced ACs/Reduced Icc 

LT1037MH 

HA2-5137-2 

Yes 

FE 

Enhanced ACs/Reduced Icc 

LT1037MJ8 

HA7-51 37-2 

Yes 

FE 

Enhanced ACs/Reduced Icc 

LT1073-5CN8 

ICL644CPD 

No 

FE 


LT 1 073-5CS8 

ICL644CBD 

No 

FE 


LT1223CJ8 

HA7-5020-5 

Yes 

E 

Enhanced ACs and Video Performance 

LT1223CN8 

HA3-5020-5 

Yes 

E 

Enhanced ACs and Video Performance 

LT1223CS8 

HA9P5020-5 

Yes 

E 

Enhanced ACs and Video Performance 

LT1223MJ8 

HA7-5020/883 

Yes 

E 

Enhanced ACs and Video Performance 

LT1524J 

CA1524F 

Yes 

1 


LT3524J 

CA3524F 

Yes 



LT3524N 

CA3524E 

Yes 





NOTES: 


A in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not. 

Electrical equivalency; denoted by the following: I = Identical, FE = Functional Equivalent, E = Enhanced Harris product meets all 
competitor specifications and exceeds several. 
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Commercial Linear Product Cross Reference 


DEVICE 

HARRIS 

REPLACEMENT 

(Note 1) 
PIN TO PIN 

(Note 2) 
EE 

HARRIS ADVANTAGE OR COMMENTS 

LTC1044CH 

ICL7660SITV 


E 

Reduced Icc/Wider Voltage Range 

LTC1044CN8 

ICL7660SIPA 


E 

Reduced Icc/Wider Voltage Range 

LTC1044MH 

ICL7660SMTV 

Yes 

E 

Reduced Icc/Wider Voltage Range 

LTC1050ACH 

ICL7650SITV-1 

* 

FE 

Reduced Ibias/lio 

LTC1050ACN8 

ICL7650SIPA-1 

* 

FE 

Reduced Ibias/lio 

LTC1050AMH 

ICL7650SMTV-1 

* 

FE 

Reduced Ibias/lio 

LTC1050CH 

ICL7650SITV-1 

* 

FE 

Reduced 1 bias/I io/Greater Avol 

LTC1050CN8 

ICL7650SIPA-1 

* 

FE 

Reduced 1 bias/I io/Greater Avol 

LTC1050CP 

ICL7650SIPA-1 

* 

FE 

Reduced Ibias/lio 

LTC1050MH 

ICL7650SMTV-1 

★ 

FE 

Reduced lbias/1 io/Greater Avol 

MA723CN 

CA0723CE 

Yes 

1 


MAX460IGC 

HA2-5033-5 

* 

FE 

Greater Bandwidth 

MAX460MGC 

HA2-5033-2 

* 

FE 

Greater Bandwidth 

MAX610CP 

HV3-1 205 /2405E-5 

No 

FE 

Guaranteed Surge Protection 

MAX611CP 

HV3-1205/2405E-5 

No 

FE 

Guaranteed Surge Protection 

MAX612CP 

H V3-1 205 /2405E-5 

No 

FE 

Guaranteed Surge Protection 

MAX626CPA 

ICL7667CPA 

Yes 

FE 

Reduced T Delay/lcc 

MAX626CSA 

ICL7667CBA 

Yes 

FE 

Reduced T Delay/lcc 

MAX626EJA 

ICL7667CJA 

Yes 

FE 

Reduced T Delay/lcc 

MAX626MJA 

ICL7667MJA 

Yes 

FE 

Reduced T Delay/lcc 

MAX654CPD 

ICL644CPD 

Yes 

FE 

Shutdown Feature With ICL7644 Version 

MAX654CSD 

ICL644CBD 

Yes 

FE 

Shutdown Feature With ICL7644 

MAX654EPD 

ICL644IPD 

Yes 

FE 

Shutdown Feature With ICL7644 Version 

MAX654ESD 

ICL644IBD 

Yes 

FE 

Shutdown Feature With ICL7644 Version 

MAX655CPD 

ICL645CPD 

Yes 

FE 

Shutdown Feature With ICL7645 Version 

MAX655CSD 

ICL645CBD 

Yes 

FE 

Shutdown Feature With ICL7645 Version 

MAX655EPD 

ICL645IPD 

Yes 

FE 

Shutdown Feature With ICL7645 Version 

MAX655ESD 

ICL645IBD 

Yes 

FE 

Shutdown Feature With ICL7645 Version 

MAX656CPD 

ICL646CPD 

Yes 

FE 

Shutdown Feature With ICL7646 Version 

MAX656CSD 

ICL646CBD 

Yes 

FE 

Shutdown Feature With ICL7646 Version 

MAX656EPD 

ICL646IPD 

Yes 

FE 

Shutdown Feature With ICL7646 Version 

MAX656ESD 

ICL646IBD 

Yes 

FE 

Shutdown Feature With ICL7646 Version 

MAX657CPD 

ICL647CPD 

Yes 

FE 

Shutdown Feature With ICL7647 Version 

MAX657CSD 

ICL647CBD 

Yes 

FE 

Shutdown Feature With ICL7647 Version 

MAX657EPD 

ICL647IPD 

Yes 

FE 

Shutdown Feature With ICL7647 Version 

MAX657ESD 

ICL647IBD 

Yes 

FE 

Shutdown Feature With ICL7647 Version 

MAX663CPA 

ICL7663SACPA 

* 

FE 

Reduced Icc/Greater Voltage Range 

MAX663CSA 

ICL7663SCBA 

* 

FE 

Reduced Icc/Greater Voltage Range 

MAX663EJA 

ICL7663SAIJA 

* 

FE 

Reduced Icc/Greater Voltage Range 

MAX663EPA 

ICL7663SAIPA 

* 

FE 

Reduced Icc/Greater Voltage Range 

MAX663ESA 

ICL7663SIBA 

* 

FE 

Reduced Icc/Greater Voltage Range 


NOTES: 1. A in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not. 

2. Electrical equivalency; denoted by the following: I = Identical, FE = Functional Equivalent, E = Enhanced Harris product meets all 
competitor specifications and exceeds several. 
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Commercial Linear Product Cross Reference 



HARRIS 

(Note 1) 

(Note 2) 


DEVICE 

REPLACEMENT 

PIN TO PIN 

EE 

HARRIS ADVANTAGE OR COMMENTS 

MAX821 1 CPA 

ICL8211CPA 


FE 

Bipolar/Wider Supply Range 

MAX8211 CPA-2 

ICL8211CPA 


FE 

Bipolar/Wider Supply Range 

MAX8211CSA 

ICL8211CBA 

Yes 

FE 

Bipolar/Wider Supply Range 

MAX8211CTY 

ICL821 1 CTY 

Yes 

FE 

Bipolar/Wider Supply Range 

MAX8212CPA 

ICL821 2CPA 

Yes 

FE 

Bipolar/Wider Supply Range 

MAX8212CSA 

ICL8212CBA 

Yes 

FE 

Bipolar/Wider Supply Range 

MAX8212CTY 

JCL8212CTY 

Yes 

FE 

Bipolar/Wider Supply Range 

MAX9685CJE 

HFA1 -0003L-5 

HIMHH 

1 


MAX9685CPE 

HFA3-0003L-5 


1 


MAX9685CSE 

HFA9P0003L-5 

Yes 

1 


MAX9685CTW 

HFA2-0003L-5 

Yes 

1 


MAX9690CJA 

HFA1 -0003-5 


1 


MAX9690CPA 

HFA3-0003-5 


1 


MAX9690CSA 

HFA9P0003-5 

Yes 

1 


MCI 723CG 

CA0723CT 

Yes 

1 


MC1723CGD 

CA0723CTX 

Yes 

1 


MCI 723CP 

CA0723CE 

Yes 

1 


MC1723CPD 

CA0723CEX 

Yes 

1 


MC1723G 

CA0723T 

Yes 

i 


MC1723GD 

CA0723TX 

Yes 



MCI 776CD 

ICL761 1 DCBA 

Yes 

FE 

Lower Power Drain 

MCI 776CG 

ICL761 1 BCTV 

Yes 

FE 

Lower Power Drain 

MCI 776CP1 

ICL7611BCPA 

Yes 

FE 

Lower Power Drain 

MC1776G 

ICL7611BMTV 

Yes 

FE 

Lower Power Drain 

MC3302N 

CA3290E 

Yes 

FE 

MOSFET Input 

MC3303D 

CA5470M 

Yes 

FE 

MOS Input/Enhanced ACs 

MC3303N 

CA5470E 

Yes 

FE 

FEMOS Input/Enhanced ACs 

MC33071P 

CA3140AE 

Yes 

FE 

Reduced Ibias/lio 

MC33072P 

CA3240AE 

Yes 

FE 

Reduced Ibias/lio 

MC3346D 

CA3046M 

Yes 

i 

Full - 55 to 125 Degrees C Operation 

MC3346P 

CA3046E 

Yes 

i 

Full -55 to 125 Degrees C Operation 

MC34001 BG 

CA3140AT 

Yes 

FE 

Reduced Ibias/lio 

MC34001BP 

CA3140AE 

Yes 

FE 

Reduced ibias/lio 

MC34001G 

CA3140T 

Yes 

FE 

Reduced Ibias/lio 

MC34001P 

CA3140E 

Yes 

FE 

Reduced Ibias/lio 

MC34002BG 

CA3240AT 

Yes 

FE 

Reduced Ibias/lio 

MC34002BP 

CA3240AE 

Yes 

FE 

Reduced Ibias/lio 

MC34002G 

CA3240T 

Yes 

FE 

Reduced Ibias/lio 

MC34002P 

CA34002E 

Yes 

FE 

Reduced Ibias/lio 


CA3401E 

Yes 

FE 

Greater Bandwidth 


NOTES: 1. A in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not. 

2. Electrical equivalency; denoted by the following: I = Identical, FE = Functional Equivalent, E = Enhanced Harris product meets all 
competitor specifications and exceeds several. 
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Commercial Linear Product Cross Reference 



HARRIS 

(Note 1) 

(Note 2) 


DEVICE 

REPLACEMENT 

PIN TO PIN 

EE 

HARRIS ADVANTAGE OR COMMENTS 

MC3403D 

CA5470M 


FE 

MOS Input/Enhanced ACs 

MC3403N 

CA5470E 


FE 

MOS Input/Enhanced ACs 

MC34071P 

CA3140AE 

Yes 

FE 

Reduced Ibias/lio 

MC34072P 

CA3240AE 

Yes 

FE 

Reduced Ibias/lio 

MC34151D 

ICL7667CBA 


FE 

CMOS/Reduced Icc/Faster Switching 

MC34151P 

ICL7667CPA 


FE 

CMOS/Reduced ICC/Faster Switching 

MC3456L 

ICM7556MJD 


FE 

CMOS/Reduced Icc 

MC3456P 

ICM7556IPD 

I 'W ■ ' / 

FE 

CMOS/Reduced Icc 

MC3556L 

ICM7556MJD 

Yes 

FE 

CMOS/Reduced Icc 

MIC426 

ICL7667CPA 

Yes 

FE 


MMH0026CP1 

ICL7667CPA 

Yes 

FE 

Reduced Icc 

MMH0026G 

ICL7667MTV 

Yes 

FE 

Reduced Icc 

MMH0026U 

ICL7667CJA 

Yes 

FE 

Reduced Icc 

NE5230N 

CA5160AE 

No 

FE 

MOS Input 

NE5517AN 

CA3280AE 

No 

FE 

Reduced Vio 

NE5517D 

CA3280M 

No 

FE 

Reduced Vio 

NE5517N 

CA3280E 

No 

FE 

Reduced Vio 

NE5532AFE 

HA7-5102-5 


FE 

Enhanced DCs/Reduced Icc 

NE5532AN 

HA3-5102-5 


FE 

Enhanced DCs/Reduced Icc 

NE5532FE 

HA7-5102-5 

Yes 

FE 

Enhanced DCs/Reduced Icc 

NE5532N 

HA3-5102-5 

Yes 

FE 

Enhanced DCs/Reduced Icc 

NE5534AFE 

HA7-5101-5 

* 

FE 

Enhanced DCs 

NE5534AN 

HA3-5101-5 

* 

FE 

Enhanced DCs 

NE5534FE 

HA7-5101-5 

* 

FE 

Enhanced DCs 

NE5534N 

HA3-5101-5 

* 

FE 

Enhanced DCs 

NE5539D 

HA9P-2539-5 

* 

FE 

Specified @ +/- 15V Supplies 

NE5539F 

HA1 -2539-5 

★ 

FE 

Specified @ +/- 15V Supplies 

NE5539N 

HA3-2539-5 

* 

FE 

Specified @ +/- 15V Supplies 

NE556-1 N 

ICM7556IPD 

1 

FE 

CMOS/Reduced Icc 

NE556N 

ICM7556IPD 


FE 

CMOS/Reduced Icc 

OP-15CH 

CA3140AT 

1 

FE 

Reduced Ibias/lio 

OP-15GN8 

CA3140AE 

■ | 

FE 

Reduced Ibias/lio 

OP11AY 

HA1-5134-2 

Yes 

FE 

Enhanced ACs 

OP11EY 

HA1-5134-5 


FE 

Enhanced ACs 

OP11FY 

HA1-5104-5 

Yes 

FE 

Enhanced ACs 

OP160GP 

HA3-5020-9 


E 


OP160GS 

HA9P5020-5 


E 


OP215GZ 

CA3240AE (PDIP) 

Yes 

FE 



NOTES: 1. A in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not. 

2. Electrical equivalency; denoted by the following: I = Identical, FE = Functional Equivalent, E = Enhanced Harris product meets all 
competitor specifications and exceeds several. 
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Commercial Linear Product Cross Reference 


DEVICE 

HARRIS 

REPLACEMENT 

(Note 1) 

PIN TO PIN 

(Note 2) 
EE 

HARRIS ADVANTAGE OR COMMENTS 

OP220CJ 

HA2-5 142-2 

Yes 

FE 

Enhanced ACs 

OP220CZ 

HA7-51 42-2 

Yes 

FE 

Enhanced ACs 

OP220GJ 

HA2-5 142-5 

Yes 

FE 

Enhanced ACs 

OP220GZ 

HA7-5142-5 

Yes 

FE 

Enhanced ACs 

OP271AZ 

HA7-5102-2 

Yes 

FE 

Lower Voltage Noise/Greater Bandwidth 

OP271EZ 

HA7-5 102-5 

Yes 

FE 

Lower Voltage Noise/Greater Bandwidth 

OP271FZ 

HA7-5102-5 

Yes 

FE 

Lower Voltage Noise/Greater Bandwidth 

OP271GP 

HA3-5102-5 

Yes 

FE 

Lower Voltage Noise/Greater Bandwidth 

OP271GS 

HA9P-5102-9 

Yes 

FE 

Lower Voltage Noise/Greater Bandwidth 

OP27AH 

HA2-51 27A-2 


E 

Enhanced ACs/Reduced Icc 

OP27AJ 

HA2-5127A-2 


E 

Enhanced ACs/Reduced Icc 

OP27AJ8 

HA7-5127A-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP27AZ 

HA7-51 27A-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP27CH 

HA2-5127-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP27CJ 

HA2-51 27-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP27CJ8 

HA7-5127-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP27CZ 

HA7-5 127-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP27EH 

HA2-5127A-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP27EJ 

HA2-5127A-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP27EJ8 

HA7-5127A-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP27EZ 

HA7-5127A-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP27GH 

HA2-5 127-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP27GJ 

HA2-5 127-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP27GJ8 

HA7-5 127-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP27GZ 

HA7-5127-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP37AH 

HA2-5137A-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP37AJ 

HA2-51 37A-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP37AJ8 

HA7-51 37A-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP37AZ 

HA7-5137A-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP37CH 

HA2-5137-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP37CJ 

HA2-5137-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP37CJ8 

HA7-5 137-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP37CZ 

HA7-51 37-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP37EH 

HA2-5137A-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP37EJ 

HA2-5137A-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP37EJ8 

HA7-5137A-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP37EZ 

HA7-5137A-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP37GH 

HA2-5137-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP37GJ 

HA2-5 137-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP37GJ8 

HA7-51 37-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP37GZ 

HA7-5 137-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

OP400AY 

HA1-5134A-2 

Yes 

FE 


OP400EY 

HA1-5134A-5 

Yes 

FE 


OP400FY 

HA1-5134-5 

Yes 

FE 


OP41EJ 

CA3193AT 

Yes 

FE 

Reduced Vio/Noise Voltage 

OP41FJ 

CA3193T 

Yes 

FE 

Reduced Vio/Noise Voltage 

OP41GP 

CA3193E 

Yes 

FE 

Reduced Vio/Noise Voltage 


NOTES: 


A in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not. 

Electrical equivalency; denoted by the following: I = Identical, FE = Functional Equivalent, E = Enhanced Harris product meets all 
competitor specifications and exceeds several. 
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Commercial Linear Product Cross Reference 


DEVICE 

HARRIS 

REPLACEMENT 

(Note 1) 
PIN TO PIN 

(Note 2) 
EE 

HARRIS ADVANTAGE OR COMMENTS 

OP420BY 

HA1-5144-2 

Yes 

FE 

Enhanced ACs 

OP420CY 

HA1-5144-2 

Yes 

FE 

Enhanced ACs 

OP420HY 

HA1-5144-5 

Yes 

FE 

Enhanced ACs 

OP470AY 

HA1 -5104-2 


FE 


OP470EY 

HA1-5104-5 


FE 


OP470FY 

HA1-5104-5 

Yes 

FE 


OP470GP 

HA3-5 104-5 

Yes 

FE 


OP470GS 

HA9P5 104-5 

Yes 

FE 


OP47AD 

HA7-5147A-2 

Yes 

E 

Greater Bandwidth/M in Acl = 10 

OP47AT 

HA2-51 47A-2 

Yes 

E 

Greater Bandwidth/Min Acl = 10 

OP47CD 

HA7-51 47-2 

Yes 

E 

Greater Bandwidth/Min Acl = 10 

OP47CT 

HA2-5 147-2 

Yes 

E 

Greater Bandwidth/Min Acl = 10 

OP47EN 

HA7-51 47A-5 (CDIP) 

Yes 

E 

Greater Bandwidth/Min Acl = 10 

OP47GN 

HA7-5147-5 (CDIP) 

Yes 

E 

Greater Bandwidth/Min Acl = 10 

OP62AJ 

HA2-5221-9 

* 

FE 

Greater Slew Rate 

OP62AZ 

HA7-5221 -9 

* 

FE 

Greater Slew Rate 

OP62EJ 

HA2-5221 -9 

* 

FE 

Greater Slew Rate 

OP62EZ 

HA7-5221 -9 

* 

FE 

Greater Slew Rate 

OP62FJ 

HA2-5221 -9 

* 

FE 

Greater Slew Rate 

OP62FZ 

HA7-5221 -9 

* 

FE 

Greater Slew Rate 

OP63AJ 

HA2-5221-9 

* 

FE 

Reduced Vio 

OP63AZ 

HA7-5221-9 

★ 

FE 

Reduced Vio 

OP63EJ 

HA2-5221-9 

* 

FE 

Reduced Vio 

OP63EZ 

HA7-5221 -9 

* 

FE 

Reduced Vio 

OP63FJ 

HA2-5221-9 

* 

FE 

Reduced Vio 

OP63FZ 

HA7-5221 -9 

* 

FE 

Reduced Vio 

OP64AJ 

HA2-5221 -9 

* 

FE 

Reduced Vio 

OP64AZ 

HA7-5221-9 

* 

FE 

Reduced Vio 

OP64EJ 

HA2-5221-9 

* 

FE 

Reduced Vio 

OP64EZ 

HA7-5221-9 

* 

FE 

Reduced Vio 

OP64FJ 

HA2-5221-9 

* 

FE 

Reduced Vio 

OP64FZ 

HA7-5221-9 

* 

FE 

Reduced Vio 

OP65AJ 

HA2-2548-9 

* 

FE 

Lower Vio/Guaranteed Ts 

OP65AZ 

HA7-2548-9 

* 

FE 

Lower Vio/Guaranteed Ts 

OP65EJ 

HA2-2548-9 

* 

FE 

Lower Vio/Guaranteed Ts ; 

OP65EZ 

HA7-2548-9 

* 

FE 

Lower Vio/Guaranteed Ts 

OP65FJ 

HA2-2548-9 

* 

FE 

Lower Vio/Guaranteed Ts 

OP65FZ 

HA7-2548-9 

* 

FE 

Lower Vio/Guaranteed Ts 

OP65GP 

CA3450E 

No 

FE 

Greater Bandwidth /Slew Rate 

OP77BJ 

HA2-5177-2 

Yes 

FE 

Greater Bandwidth/Reduced Icc 

OP77BZ 

HA7-51 77-2 

Yes 

FE 

Greater Bandwidth/Reduced Icc j 

OP77FJ 

HA2-5177-5 

Yes 

FE 

Greater Bandwidth/Reduced Icc 

OP77FZ 

HA7-5177-5 

Yes 

FE 

Greater Bandwidth/Reduced Icc 


NOTES: 1. A in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not. 

2. Electrical equivalency: denoted by the following: I = Identical, FE = Functional Equivalent, E = Enhanced Harris product meets all 
competitor specifications and exceeds several. 
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Commercial Linear Product Cross Reference 



HARRIS 

(Note 1) 

(Note 2) 


DEVICE 

REPLACEMENT 

PIN TO PIN 

EE 

HARRIS ADVANTAGE OR COMMENTS 

PlilH 

CA5420AT 

* 

FE 

Single Supply Operation 


CA5420T 

* 

FE 

Single Supply Operation 


CA5420E 

* 

FE 

Single Supply Operation 

OPA121KP 

CA3140AE 

* 

FE 

MOS Input/Enhanced ACs 

OPA2111KM 

HA2-5102-5 

Yes 

FE 

Greater Bandwidth 

OPA2111KP 

HA3-5 102-5 

Yes 

FE 

Greater Bandwidth 

OPA27AJ 

HA2-5127A-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

OPA27AZ 

HA7-5127A-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

OPA27CJ 

HA2-5 127-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

OPA27CZ 

HA7-5127-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

OPA27EJ 

HA2-5127A-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

OPA27EZ 

HA7-5127A-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

OPA27GJ 

HA2-5127-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

OPA27GZ 

HA7-5127-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

OPA37AJ 

HA2-5137A-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

OPA37AZ 

HA7-5137A-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

OPA37CJ 

HA2-5137-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

OPA37CZ 

HA7-5137-2 

Yes 

E 

Enhanced ACs/Reduced Icc 

OPA37EJ 

HA2-5137A-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

OPA37EZ 

HA7-5137A-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

OPA37GJ 

HA2-5137-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

OPA37GZ 

HA7-51 37-5 

Yes 

E 

Enhanced ACs/Reduced Icc 

OPA404AG 

HA1-5114-5 

Yes 

FE 

Lower Voltage Noise/Enhanced ACs 

OPA404BG 

HA1-5114-5 

Yes 

FE 

Lower Voltage Noise/Enhanced ACs 

OPA404KP 

HA3-5114-5 

Yes 

FE 

Lower Voltage Noise/Enhanced ACs 

OPA404KU 

HA9P-5114-5 

Yes 

FE 

Lower Voltage Noise/Enhanced ACs 

OPA404SG 

HA1-5114-2 

Yes 

FE 

Lower Voltage Noise/Enhanced ACs 

OPA445AP 

HA7-2645-5 

Yes 

FE 


OPA445BM 

HA2-2640-2 

Yes 

FE 


OPA445SM 

HA2-2640-2 

Yes 

FE 


OPA620KG 

HFA7-0005-5 

* 


Enhanced ACs 

OPA620KP 

HFA3-0005-5 

* 


Enhanced ACs 

OPA620LG 

HFA7-0005-5 

* 


Enhanced ACs 

OPA620SG 

HFA7-0005-9 

* 


Enhanced ACs 

OPA621KG 

HFA7-0002-5 

* 

FE 

Lower Voltage Noise/Temco 

OPA621KP 

HFA3 -0002-5 

* 

FE 

Lower Voltage Noise/Temco 

OPA621LG 

HFA7-0002-5 

* 

FE 

Lower Voltage Noise/Temco 

OPA621SG 

HFA7-0002-9 

* 

FE 

Lower Voltage Noise/Temco 

OPA633AH 

HA2-5033-2 

Yes 

1 


OPA633KP 

HA3-5033-5 

Yes 

1 


OPA633SH 

HA2-5033-5 

Yes 

FE 


RC3403AN 

CA5470E 

Yes 

FE 

MOS Input/Enhanced ACs 


NOTES: 


A in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not. 

Electrical equivalency; denoted by the following: I = Identical, FE = Functional Equivalent, E = Enhanced Harris product meets all 
competitor specifications and exceeds several. 
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Commercial Linear Product Cross Reference 



HARRIS 

(Note 1) 

(Note 2) 


DEVICE 

REPLACEMENT 

PIN TO PIN 

EE 

HARRIS ADVANTAGE OR COMMENTS 

RC4741D 

HA1-4741-2 

Yes 

E 

Guaranteed ACs 

RC4741M 

HA9P-4741-5 

Yes 

E 

Guaranteed ACs 

RC5532AN 

HA3-51 02-5 


FE 

Enhanced DCs/Reduced Icc 

RC5532N 

HA3-5 102-5 

( | % n 

FE 

Enhanced DCs/Reduced Icc 

RC5534AN 

HA3-5101-5 

* 

FE 

Enhanced DCs/Reduced Icc 

RC5534N 

HA3-51 01-5 

* 

FE 

Enhanced DCs/Reduced Icc 

RM5334T 

HA2-51 01-2 

* 

FE 

Reduced Icc 

RM5532AD 

HA7-51 02-2 


FE 

Reduced Icc 

RM5532AT 

HA2-51 02-2 


FE 

Reduced Icc 

RM5532D 

HA7-5 102-2 

Yes 

FE 

Reduced Icc 

RM5532T 

HA2-5 102-2 

Yes 

FE 

Reduced Icc 

RM5534AD 

HA7-5101-2 

* 

FE 

Reduced Icc 

RM5534AT 

HA2-5101-2 

★ 

FE 

Reduced Icc 

RM5534D 

HA7-5101-2 

* 

FE 

Reduced Icc 

SA5230N 

CA5160AE 

No 

FE 

MOS Input 

SA556-1 N 

ICM7556IPD 


FE 

CMOS/Reduced Icc 

SA556N 

ICM7556IPD 


FE 

CMOS/Reduced Icc 

SA723CN 

CA0723CE 

Yes 

1 


SE5532AFE 

HA7-5102-2 

Yes 

FE 

Reduced Icc 

SE5532FE 

HA7-51 02-2 

Yes 

FE 

Reduced Icc 

SE5534AFE 

HA7-5101-2 

* 

FE 

Reduced Ibias/llo 

SE5534FE 

HA7-5101-2 

* 

FE 

Reduced 1 bias/I io 

SE5539F 

HA1 -2539-2 

* 

FE 

Specified @ +/- 15V Supplies 

SE556-1 CN 

ICM7556MJD 

E8fl| 

FE 

CMOS/Reduced Icc 

SE556-1 F 

ICM7556MJD 


FE 

CMOS/Reduced Icc 

SE556F 

ICM7556MJD 

Yes 

FE 

CMOS/Reduced Icc 

SG1524CF 

CA1524F 


FE 


SG1524CN 

CA1524E 


FE 


SG1524J 

CA1524F 

Yes 

1 


SG1536T 

HA2-2640-2 

* 

FE 

Reduced Vio/Enhanced ACs 

SG1536Y 

HA7-2640-2 

★ 

FE 

Reduced Vio/Enhanced ACs 

SG2524CF 

CA2524F 


FE 


SG2524CN 

CA2524E 


FE 


SG2524J 

CA2524F 

Yes 

1 


SG3045J 

CA3045F 

Yes 

FE 


SG3049T 

CA3049T 

Yes 

FE 

Greater Bandwidth/Reduced Noise 

SG3083 

CA3083 

Yes 

1 



NOTES: 1. A in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not. 

2. Electrical equivalency; denoted by the following: I = Identical, FE = Functional Equivalent, E = Enhanced Harris product meets all 
competitor specifications and exceeds several. 
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Commercial Linear Product Cross Reference 


DEVICE 

HARRIS 

(Note 1) 

(Note 2) 


REPLACEMENT 

PIN TO PIN 

EE 

HARRIS ADVANTAGE OR COMMENTS 

SG3183D 

CA3183M 

Yes 

FE 

Identical Specs @ 25 degrees C 

SG3183N 

CA3183E 

Yes 

FE 

Identical Specs @ 25 degrees C 

SG3524CF 

CA3524F 

Yes 

FE 


SG3524CN 

CA3524E 

Yes 

FE 


SG3524J 

CA3524F 

Yes 

1 


SG3524N 

CA3524E 

Yes 

1 


SG723CN 

CA0723GE 

Yes 

FE 

Vin Slightly Different 

SG723CT 

CA0723CT 

Yes 

FE 

Vin Slightly Different 

SG723N 

CA0723E 

Yes 

FE 

Vin Slightly Different 

SG723T 

CA0723T 

Yes 

FE 

Vin Slightly Different 

SHC5320KH 

HA1 -5320-5 




SHC5320SH 

HA1 -5320-2 




SHC85 

HA1 -2425-5 

No 

FE 

Enhanced ACs 

SHC85ET 

HA1 -2420-2 

No 

FE 

Enhanced ACs 

SHM-20C 

HA1 -5320-5 

Yes 

FE 

Guaranteed Acquisition Time 

SHM-20M 

HA1 -5320-2 

Yes 

FE 

Guaranteed Acquisition Time 

SHM-IC-1 

HA1 -2425-5 

Yes 

FE 

Almost Identical 

SHM-IC-1M 

HA1 -2420-2 

Yes 

FE 

Almost Identical 

SI7660AA 

ICL7660SMTV 

★ 

E 

Greater Vout Efficiency/Reduced Icc 

SI7660BA 

ICL7660SITV 

* 

E 

Greater Vout Efficiency/Reduced Icc 

SI7660CA 

ICL7660SCTV 

* 

E 

Greater Vout Efficiency/Reduced Icc 

SI7660CJ 

ICL7660SCPA 

* 

E 

Greater Vout Efficiency/Reduced Icc 

SI7660DY 

ICL7660SIBA 

* 

E 

Greater Vout Efficiency/Reduced Icc 

SI7661AA 

ICL7662MTV 

Yes 

E 

Reduced Supply Current 

SI7661CA 

ICL7662CTV 

Yes 

E 

Reduced Supply Current 

SI7661CJ 

ICL7662CPA 

Yes 

E 

Reduced Supply Current 

SL3045C-DG 

CA3045F 

Yes 

FE 


SL3046C-DP 

CA3046E 

Yes 

FE 


SL3127C-DC 

CA3127F 


FE 


SL3127C-DP 

CA3127E 


FE 

SOIC Version Available 

SL3145C-DC 

CA3045F 

1 

FE 


SL3145C-DP 

CA3046E 


FE 


SL3227-DP 

CA3227E 


FE 

Greater Breakdown Voltages 

SL3227-MP 

CA3227M 


FE 

Greater Breakdown Voltages 

SL3245-DP 

CA3246E 


FE 

Greater Breakdown Voltages 

SL3245-MP 

CA3246M 


FE 

Greater Breakdown Voltages 

SL6310C-DP 

CA3094E 

No 

FE 

Programmable Biasing Current 


NOTES: 1. A in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not. 


2. Electrical equivalency; denoted by the following: I = Identical, FE = Functional Equivalent, E = Enhanced Harris product meets all 
competitor specifications and exceeds several. 
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Commercial Linear Product Cross Reference 


DEVICE 

HARRIS 

REPLACEMENT 

SMP10AY 

SMP10BY 

SMP10EY 

SMP10FY 

HA1 -2420-2 

HA1 -2420-2 

HA1 -2425-5 

HA1 -2425-5 

SMP11AY 

SMP11BY 

SMP11EY 

SMP11FY 

HA1 -2420-2 

HA1 -2420-2 

HA1 -2425-5 

HA1 -2425-5 

SP1-2541-2 

SP1-2541-5 

HA1-2541-2 

HA1-2541-5 

SP1 -2542-2 

SP1 -2542-5 

HA1 -2542-2 

HA1 -2542-5 

SP1 -5330-2 

SP1 -5330-5 

HA1 -5330-2 

HA1 -5330-5 

SP2-2500-2 

HA2-2500-2 

SP2-2502-2 

HA2-2502-2 

SP2-2505-5 

HA2-2505-5 

SP2-2510-2 

HA2-2510-2 

SP2-2512-2 

HA2-2512-2 

SP2-2515-5 

HA2-2515-5 

SP2-2520-2 

HA2-2520-2 

SP2-2522-2 

HA2-2522-2 

SP2-2525-5 

HA2-2525-5 

SP2-2541 -2 
SP2-2541 -5 

HA2-2541 -2 

HA2-2541 -5 

SP2-2542-2 

SP2-2542-5 

HA2-2542-2 

HA2-2E42-5 

SP2-2600-2 

HA2-2600-2 

SP2-2602-2 

HA2-2602-2 

SP2-2605-5 

HA2-2605-5 

SP2-2620-2 

HA2-2620-2 

SP2-2622-2 

HA2-2622-2 

SP2-2625-5 

HA2-2625-5 

SP3-2505-5 

HA3-2505-5 

SP3-2515-5 

HA3-2515-5 


(Note 1) 
PIN TO PIN 


(Note 2) 
EE 


HARRIS ADVANTAGE OR COMMENTS 



NOTES: 1. A in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not. 

2. Electrical equivalency; denoted by the following: I = Identical, FE = Functional Equivalent, E = Enhanced Harris product meets all 
competitor specifications and exceeds several. 
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Commercial Linear Product Cross Reference 


DEVICE 

HARRIS 

REPLACEMENT 


HA3-2525-5 

SP3-2542-5 

HA3-2542-5 

| 

HA3-2605-5 


HA3-2625-5 


HA7-2500-2 

SP7-2502-2 

HA7-2502-2 

SP7-2505-5 

HA7-2505-5 

SP7-2510-2 

HA7-2510-2 

SP7-2512-2 

HA7-2512-2 

SP7-2515-5 

HA7-2515-5 

SP7-2520-2 

HA7-2520-2 

SP7-2522-2 

HA7-2522-2 

SP7-2525-5 

HA7-2525-5 

SP7-2600-2 

HA7-2600-2 

SP7-2602-2 

HA7-2602-2 

SP7-2605-5 

HA7-2605-5 

SP7-2620-2 

HA7-2620-2 

SP7-2622-2 

HA7-2622-2 

SP7-2625-5 

HA7-2625-5 

TA75393P 

CA3290AE/CA3290E 

TA75557F 

HA9P5 102-9 

TA75557P 

HA3-5 102-5 

TA75559F 

HA9P5112-9 

TA75559P 

HA3-5112-5 

TA76524P 

CA3524E 

TCA520BN 

CA5130AE 

TCA520TD 

CA5130M 

TCA971 

CA31 46AE/CA3046E 

TCA971G 

CA3 1 46AM /CA3046M 

TCA991 

CA31 46E/CA3046E 

TCA991G 

CA3 1 46M/ CA3046M 

TD62507F 

CA3183AM 

TD62507P 

CA3183AE 


(Note 1) (Note 2) 

PIN TO PIN EE 



HARRIS ADVANTAGE OR COMMENTS 


Substitute HA3-2529-5 



Substitute HA7-2529-2 


Substitute HA7-2529-2 


Substitute HA7-2529-5 




Reduced Ibias/lio/lcc 


Greater Bandwidth/Reduced Vnoise 
Greater Bandwidth/Reduced Vnoise 


Greater Bandwidth/Reduced Vnoise 
Greater Bandwidth/Reduced Vnoise 


MOS Input/Enhanced ACs 
MOS Input/Enhanced ACs 


Greater Vcbo With CA3146 
Greater Vcbo With CA3146 
Greater Vcbo With CA3146 
Greater Vcbo With CA3146 


Alt. Product Is CA3083 
Alt. Product Is CA3083 



NOTES: 1. A in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not. 

2. Electrical equivalency: denoted by the following: I = Identical, FE = Functional Equivalent, E = Enhanced Harris product meets all 
competitor specifications and exceeds several. 
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Commercial Linear Product Cross Reference 



HARRIS 

(Note 1) 

(Note 2) 


DEVICE 

REPLACEMENT 

PIN TO PIN 

EE 

HARRIS ADVANTAGE OR COMMENTS 

TDB2046DP 

GA3046E 


E 

Full -55 to 125 Degrees C Operation 

TDB2046FR 

CA3046M 


E 

Full -55 to 125 Degrees C Operation 

TLC251ACP 

CA3440AE 

* 

FE 


TLC251CP 

CA3440E 

* 

FE 


TLC252ACD 

CA5260AM 


FE 

Specified @ +5V Supply 

TLC252ACP 

CA5260AE 


FE 

Specified @ +5V Supply 

TLC252CD 

CA5260M 

Yes 

FE 

Specified @ +5V Supply 

TLC252CP 

CA5260E 

Yes 

FE 

Specified @ +5V Supply 

TLC254CD 

CA5470M 


FE 

Specified @ +5V Supply 

TLC254CN 

CA5470E 


FE 

Specified @ +5V Supply 

TLC272ACD 

CA5260AM 


FE 

Greater Vout Range/Reduced Icc 

TLC272ACP 

CA5260AE 

Yes 

FE 

Greater Vout Range/Reduced Icc 

TLC272AID 

CA5260AM 

Yes 

FE 

Greater Vout Range/Reduced Icc 

TLC272AIP 

CA5260AE 

Yes 

FE 

Greater Vout Range/Reduced Icc 

TLC272CD 

CA5260M 

Yes 

FE 

Greater Vout Range/Reduced Icc 

TLC272CP 

CA5260E 

Yes 

FE 

Greater Vout Range/Reduced Icc 

TLC272ID 

CA5260M 

Yes 

FE 

Greater Vout Range/Reduced Icc 

TLC272IP 

CA5260E 

Yes 

FE 

Greater Vout Range/Reduced Icc 

TLC272MJG 

CA5260E (PDIP) 

Yes 

FE 

Greater Vout Range/Reduced Icc 

TLC274CD 

CA5470M 

Yes 

FE 

Greater Vout/Bandwidth/Slew Rate 

TLC274CN 

CA5470E 

Yes 

FE 

Greater Vout/Bandwidth/Slew Rate 

TLC274ID 

CA5470M 

Yes 

FE 

Greater Vout/Bandwidth/Slew Rate 

TLC274IN 

CA5470E 

Yes 

FE 

Greater Vout/Bandwidth/Slew Rate 

TLC274MJ 

CA5470E (PDIP) 

Yes 

FE 

Greater Vout/Bandwidth/Slew Rate 

TLC27M2ACD 

CA5260AM 

Yes 

FE 

Greater Vout/Bandwidth/Slew Rate 

TLC27M2ACP 

CA5260AE 

Yes 

FE 

Greater Vout/Bandwidth/Slew Rate 

TLC27M2AID 

CA5260AM 

Yes 

FE 

Greater Vout/Bandwidth/Slew Rate 

TLC27M2AIP 

CA5260AE 

Yes 

FE 

Greater Vout/Bandwidth/Slew Rate 

TLC27M2CD 

CA5260M 

Yes 

FE 

Greater Vout/Bandwidth/Slew Rate 

TLC27M2CP 

CA5260E 

Yes 

FE 

Greater Vout/Bandwidth/Slew Rate 

TLC27M2ID 

CA5260M 

Yes 

FE 

Greater Vout/Bandwidth/Slew Rate 

TLC27M2IP 

CA5260E 

Yes 

FE 

Greater Vout/Bandwidth/Slew Rate 

TLC27M2MJG 

CA5260E (PDIP) 

Yes 

FE 

Greater Vout/Bandwidth/Slew Rate 

TLC555CD 

ICM7555CBA 


FE 

Reduced Icc 

TLC555IP 

ICM7555IPA 


FE 

Reduced Icc 

TLC556CN 

ICM7556IPD 

Yes 

FE 

Reduced Icc 

TLC556IN 

ICM7556IPD 

Yes 

FE 

Reduced Icc 

TLC556MJ 

ICM7556MJD 

Yes 

FE 

Reduced Icc 

TP1321 

HA-5195 

Yes 

FE 


TP1322 

HA-2520 

Yes 

FE 


TP1326 

HA-2600 

Yes 

FE 


TP1332 

HA-2645 

Yes 

FE 



NOTES: 1. A "*" in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not. 

2. Electrical equivalency: denoted by the following: I = Identical, FE = Functional Equivalent, E = Enhanced Harris product meets all 
competitor specifications and exceeds several. 
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Commercial Linear Product Cross Reference 


DEVICE 

HARRIS 

REPLACEMENT 

(Note 1) 
PIN TO PIN 

(Note 2) 
EE 

HARRIS ADVANTAGE OR COMMENTS 

TP1339 

HA-2620 

No 

FE 


TP1341 

HA-2540 

Yes 

FE 


TP1342 

HA-2539 

Yes 

FE 


TP 1344 

HA-5160 

Yes 

FE 


TP1345 

HA-5162 

Yes 

FE 


TP 1346 

HI -51 80 

Yes 



TP4856 

HA1 -2420/25 

Yes 

1 

Guaranteed Acquisition Time 

TP4866 

HA1-5320 

Yes 

FE 

Guaranteed Acquisition Time 

TSC426CBA 

ICL7667CBA 

Yes 

FE 

Reduced T Delay/lcc 

TSC426CPA 

ICL7667CPA 

Yes 

FE 

Faster Switching 

TSC426IJA 

ICL7667CJA 

Yes 

FE 

Reduced T Delay/lcc 

TSC426MJA 

ICL7667MJA 

Yes 

FE 

Faster Switching 

TSC7650ACPA 

ICL7650SCPA-1 

Yes 

FE 

Reduced Tempco/Voltage Noise 

TSC7650ACPD 

ICL7650SCPD 

Yes 

FE 

Reduced Tempco/Voltage Noise 

TSC7650AUA 

ICL7650SIJA-1 

Yes 

FE 

Reduced Tempco/Voltage Noise 

TSC7650AIJD 

ICL7650SIJD 

Yes 

FE 

Reduced Tempco/Voltage Noise 

TSC7660CAA 

ICL7660SCBA 

Yes 

E 

Greater Vout Efficiency/Reduced Icc 

TSC7660CPA 

ICL7660SCPA 

Yes 

E 

Greater Vout Efficiency/Reduced Icc 

TSC7662 

ICL7662 

* 

FE 


UA723CDP 

CA0723CE 

Yes 

1 


UA723CH 

CA0723CT 

Yes 

1 


UA723CN 

CA0723CE 

Yes 

1 


UA723CN 

CA0723CE 

Yes 

1 


UA723IDP 

CA0723CE 

Yes 

1 


UA723IH 

CA0723CT 

Yes 

1 


UA723MDP 

CA0723E 

Yes 

1 


UA723MH 

CA0723T 

Yes 

1 


UA723N 

CA0723E 

Yes 

1 


UCOPOICN 

CA3140AE 


FE 

MOSFET Input 

UC0P01GJ 

CA3140AE (PDIP) 


FE 

MOSFET Input 

UC1524J 

CA1524F 

Yes 

1 


UC2524J 

CA2524F 

Yes 

1 


UC2524N 

CA2524E 

Yes 

1 


UC3524J 

CA3524F 

Yes 

1 


UC3524N 

CA3524E 

Yes 

1 


ULN2046A-1 

CA3146E 

Yes 

FE 

Full -40 to 85 Degree C Operation 

ULN2046L-1 

CA3146M 

Yes 

FE 



NOTES: 1. A in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not. 


2. Electrical equivalency; denoted by the following: I = Identical, FE = Functional Equivalent, E = Enhanced Harris product meets all 
competitor specifications and exceeds several. 
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Commercial Linear Product Cross Reference 


DEVICE 

HARRIS 

REPLACEMENT 

(Note 1) 
PIN TO PIN 

(Note 2) 
EE 

HARRIS ADVANTAGE OR COMMENTS 

ULN2083A 

CA3083 


Hj 

Full -55 to 125 Degree C Operation 

ULN2083A-1 

CA3183E 



Full -40 to 85 Degree C Operation 

ULN2083L 

CA3083M 

Yes 

mm 

Full -55 to 125 Degree C Operation 

ULN2086A 

CA3086 

Yes 

i 

Full -55 to 125 Degree C Operation 

UPC357C 

CA3130E 

Yes 

FE 

Reduced Ibias 

UPC4741C 

HA3-4741 -5 

Yes 

E 

Guaranteed Specs Over Temp 

UPC4741G2 

HA9P4741 -5 

* 

E 

Guaranteed Specs Over Temp 

UPD5555C 

ICM7555CPA 

Yes 

FE 

Reduced Icc 

UPD5556C 

ICM7556CPD 

Yes 

FE 

Reduced Icc 

VI-7660-1 

ICL7660SCPA 

* 

E 

Greater Vout Efficiency/Reduced Icc 

VI-7660-2 

ICL7660SCTV 

* 

E 

Greater Vout Efficiency/Reduced Icc 

XR-13600AP 

CA3280AE 

No 

FE 

Reduced Vio/Enhanced ACs 

XR-13600CP 

CA3280E 

No 

FE 

Reduced Vio/Enhanced ACs 

XR-1524M 

CA1524F 

Yes 

1 


XR-2242CP 

ICM7242IPA 

Yes 

FE 

Greatly Reduced Icc 

XR-2524N 

CA2524F 

E H 

1 


XR-2524P 

CA2524E 

1 mtfm 

1 


XR-3403CP 

CA5470E 

Yes 

FE 

MOS Input/Enhanced ACs 

XR-3524N 

CA3524F 


1 


XR-3524P 

CA3524E 

. 

1 


XR-4739CN 

HA7-5102-5 

No 

FE 

Enhanced ACs/DCs 

XR-4739CP 

HA3-5102-5 

No 

FE 

Enhanced ACs/DCs 

XR-4741 CN 

HA1-4741-5 

mmm 

E 

Guaranteed Channel Separation 

XR-4741CP 

HA3-4741-5 


E 

Guaranteed Channel Separation 

XR-4741 M 

HA1-4741-2 

Yes 

E 

Guaranteed Channel Separation 

XR-5532AN 

HA7-5102-5 


FE 

Reduced Vio/lbias 

XR-5532AP 

HA3-5 102-5 


FE 

Reduced Vio/lbias 

XR-5532N 

HA7-5102-5 

Yes 

FE 

Reduced Vio/lbias 

XR-5532P 

HA3-51 02-5 

Yes 

FE 

Reduced Vio/lbias 

XR-5534ACN 

HA7-5101-5 

* 

FE 

Greater Avol/Reduced Vio 

XR-5534ACP 

HA3-5101-5 

* 

FE 

Greater Avol/Reduced Vio 

XR-5534AM 

HA7-5101-2 

* 

FE 

Greater Avol 

XR-5534CN 

HA7-5101-5 

* 

FE 

Greater Avol/Reduced Vio 

XR-5534CP 

HA3-5101-5 

★ 

FE 

Greater Avol/Reduced Vio 

XR-5534M 

HA7-5101-2 

* 

FE 

Greater Avol 

XR-8038CN 

ICL8038CCJD 

Yes 

FE 

Reduced Supply Current 

XR-8038CP 

ICL8038CCPD 

Yes 

FE 

Reduced Supply Current 

XR-8038M 

ICL803CAMJD 

Yes 

FE 

Reduced Supply Current 

XR-8038N 

ICL8038BCJD 

Yes 

FE 

Reduced Supply Current 


NOTES: 1. A in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not. 

2. Electrical equivalency; denoted by the following: I = Identical, FE = Functional Equivalent, E = Enhanced Harris product meets all 
competitor specifications and exceeds several. 
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Data Acquisition Products 


A/D CONVERTERS DISPLAY 

CA3162/CA3162A A/D Converter for 3V2-Digit Display 

ICL71C03/ICL8052 Precision 4V2-Digit A/D Converter 

ICL71C03/ICL8068 Precision 4V2-Digit A/D Converter 

ICL7106 3V2-Digit LCD Single-Chip A/D Converter 

ICL7107 3V2-Digit LED Single-Chip A/D Converter 

ICL7116 3V2-Digit with Display Hold Single-Chip A/D Converter 

ICL7117 3V2-Digit with Display Hold Single-Chip A/D Converter 

ICL7126 3V2-Digit Low Power Single-Chip A/D Converter 

ICL7129 4V2-Digit LCD Single-Chip A/D Converter 

ICL7136 3V2-Digit LCD Low Power A/D Converter 

ICL7137 3V2-Digit LED Low Power Single-Chip A/D Converter 

ICL7139 3%-Digit Autoranging Multimeter 

ICL7149 Low Cost 3%-Digit Autoranging Multimeter 

ICL7182 101 Segment LCD Bargraph A/D Converter 

A/D CONVERTERS INTEGRATING 


HI-7159 Microprocessor-Compatible 5V2-Digit A/D Converter 

ICL7104/ICL8052 14/16-Bit /^P-Compatible 2-Chip A/D Converter 

ICL7104/ICL8068 14/16-Bit /iP-Compatible 2-Chip A/D Converter 

ICL7109 12-Bit fiP-Compatible A/D Converter 

ICL7135 4V2-Digit BCD Output A/D Converter 


A/D SUCCESSIVE APPROXIMATION 

ADC0802 8-Bit ^P-Compatible A/D Converter 

ADC0803 8-Bit ^P-Compatible A/D Converter 

ADC0804 8-Bit ^P-Compatible A/D Converter 

CA331 0/CA331 0A CMOS 10-Bit A/D Converter with Internal Track and Hold 

HI-574A Fast, Complete 12-Bit A/D Converter with Microprocessor 

Interface 

HI -674 A 12fiS, Complete 12-Bit AID Converter with Microprocessor 

Interface 

HI-774 8/js, Complete 12-Bit AID Converter with Microprocessor 

Interface 

HI-7151 10-Bit High-Speed AID Converter with Track and Hold 

HI-7152 10-Bit High-Speed AID Converter with Track and Hold 

HI-7153 8-Channel 10-Bit High-Speed AID Converter with Track and Hold 

ICL7112 12-Bit High-Speed CMOS jiP-Compatible A/D Converter 

ICL7115 14-Bit High-Speed CMOS /jP-Compatible AID Converter 


A/D CONVERTERS FLASH 

CA3304 CMOS Video-Speed 4-Bit Flash A/D Converter 

CA3306 CMOS Video-Speed 6-Bit Flash A/D Converter 

CA3318 CMOS Video-Speed 8-Bit Flash A/D Converter 

HI-5700 8-Bit, 20MSPS Flash AID Converter 


FOR MORE INFORMATION CONTACT YOUR 
LOCAL SALES OFFICE OR DISTRIBUTOR 
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Data Acquisition Products (Continued) 


D/A CONVERTERS 


AD7520 

AD7521 

AD7530 

AD7531 

AD7523 

AD7533 

AD7541 

AD7545 

CA3338 

HI-562A 

HI-565A 

HI-DAC16B/DAC16C 

HI-DAC80V 

HI-DAC85V 

ICL7121 

ICL7134 


10/12-Bit Multiplying D/A Converter 

10/12-Bit Multiplying D/A Converter 

10/12-Bit Multiplying D/A Converter 

10/12-Bit Multiplying D/A Converter 

8-Bit Multiplying D/A Converter 

10-Bit Multiplying D/A Converter 

12-Bit Multiplying D/A Converter 

12-Bit Buffered Multiplying CMOS DAC 

CMOS Video-Speed 8-Bit R-2R D/A Converter 

12-Bit High-Speed Monolithic D/A Converter 

High-Speed Monolithic D/A Converter with Reference 

16-Bit D/A Converter 

12-Bit, Low Cost, Monolithic D/A Converter 
12-Bit, Low Cost, Monolithic D/A Converter 
16-Bit Multiplying Microprocessor-Compatible D/A Converter 
14-Bit Multiplying /iP-Compatible D/A Converter 


ANALOG SWITCHES 


DG180 

DG181 

DG182 

DG183 

DG184 

DG185 

DG186 

DG187 

DG188 

DG189 

DG190 

DG191 

DG200 

DG201 

DG201A 

DG202 

DG211 

DG212 

DG300A 

DG301A 

DG302A 

DG303A 

DG308A 

DG309 


Dual SPST 10 Ohm High-Speed Driver with JFET Switch 
Dual SPST 30 Ohm High-Speed Driver with JFET Switch 
Dual SPST 75 Ohm High-Speed Driver with JFET Switch 
Dual DPST 10 Ohm High-Speed Driver with JFET Switch 
Dual DPST 30 Ohm High-Speed Driver with JFET Switch 
Dual DPST 75 Ohm High-Speed Driver with JFET Swtich 
SPDT 10 Ohm High-Speed Driver with JFET Switch 
SPDT 30 Ohm High-Speed Driver with JFET Switch 
SPDT 75 Ohm High-Speed Driver with JFET Switch 
Dual SPDT 10 Ohm High-Speed Driver with JFET Switch 
Dual SPDT 30 Ohm High-Speed Driver with JFET Switch 
Dual SPDT 75 Ohm High-Speed Driver with JFET Switch 
Dual SPST CMOS Analog Switch 
Quad SPST CMOS Analog Switch 
Quad Monolithic SPST CMOS Analog Switch 
Quad Monolithic SPST CMOS Analog Switch 
Quad Monolithic SPST CMOS Analog Switch 
Quad Monolithic SPST CMOS Analog Switch 
Dual SPST TTL Compatible CMOS Analog Switch 
SPDT TTL Compatible CMOS Analog Switch 
Dual DPST TTL Compatible CMOS Analog Switch 
Dual SPDT TTL Compatible CMOS Analog Switch 
Quad Monolithic SPST CMOS Analog Switch 
Quad Monolithic SPST CMOS Analog Switch 


FOR MORE INFORMATION CONTACT YOUR 
LOCAL SALES OFFICE OR DISTRIBUTOR 


1-38 



Data Acquisition Products (Continued) 


ANALOG SWITCHES (Continued) 


HI-200 

HI-201 

HI-201HS 

HI-222 

HI-300 

HI-301 

HI-302 

HI-303 

HI-304 

HI-305 

HI-306 

HI-307 

HI-381 

HI-384 

HI-387 

HI-390 

HI-5040 

HI-5041 

HI-5042 

HI-5043 

HI-5044 

HI-5045 

HI-5046 

HI-5046A 

HI-5047 

HI-5047A 

HI-5048 

HI-5049 

HI-5050 

HI-5051 

IH401A 

IH5009 

IH5010 

IH5011 

IH5012 

IH5014 

IH5016 

IH5017 

IH5018 

IH5019 

IH5020 

IH5022 


Dual SPST CMOS Analog Switch 

Quad SPST CMOS Analog Switch 

High-Speed Quad SPST CMOS Analog Switch 

High Frequency Video Switch 

Dual SPST CMOS Analog Switch 

SPDT CMOS Analog Switch 

Dual DPST CMOS Analog Switch 

Dual SPDT CMOS Analog Switch 

Dual SPST CMOS Analog Switch 

SPDT CMOS Analog Switch 

Dual DPST CMOS Analog Switch 

Dual SPDT CMOS Analog Switch 

Dual SPST CMOS Analog Switch 

Dual DPST CMOS Analog Switch 

SPDT CMOS Analog Switch 

Dual SPDT CMOS Analog Switch 

SPST CMOS Analog Switch 

Dual SPST CMOS Analog Switch 

SPDT CMOS Analog Switch 

Dual SPDT CMOS Analog Switch 

DPST CMOS Analog Switch 

Dual DPST CMOS Analog Switch 

DPDT CMOS Analog Switch 

DPDT CMOS Analog Switch 

4PST CMOS Analog Switch 

4PST CMOS Analog Switch 

Dual SPST CMOS Analog Switch 

Dual DPST CMOS Analog Switch 

SPDT CMOS Analog Switch 

Dual SPDT CMOS Analog Switch 

Quad Varafet Analog Switch 

Quad 100 Ohm Virtual Ground Analog Switch 

Quad 150 Ohm Virtual Ground Analog Switch 

Quad 100 Ohm Virtual Ground Analog Switch 

Quad 150 Ohm Virtual Ground Analog Switch 

Triple 150 Ohm Virtual Ground Analog Switch 

Triple 150 Ohm Virtual Ground Analog Switch 

Dual 100 Ohm Virtual Ground Analog Switch 

Dual 150 Ohm Virtual Ground Analog Switch 

Dual 100 Ohm Virtual Ground Analog Switch 

Dual 150 Ohm Virtual Ground Analog Switch 

Single 150 Ohm Virtual Ground Analog Switch 


FOR MORE INFORMATION CONTACT YOUR 
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ANALOG SWITCHES (Continued) 


IH5024 

IH5040 

I H 5041 

IH5042 

I H 5043 

I H 5044 

IH5045 

I H 5046 

I H 5047 

I H 5052 

IH5053 

IH5140 

IH5141 

IH5142 

IH5143 

IH5144 

IH5145 

IH5148 

IH5149 

IH5150 

IH5151 

I H 5341 

IH5352 

I H 6201 


Single 150 Ohm Virtual Ground Analog Switch 
SPST 75 Ohm High-Level CMOS Analog Switch 
Dual SPST 75 Ohm High-Level CMOS Analog Switch 
SPDT 75 Ohm High-Level CMOS Analog Switch 
Dual SPDT 75 Ohm High-Level CMOS Analog Switch 
DPST 75 Ohm High-Level CMOS Analog Switch 
Dual DPST 75 Ohm High-Level CMOS Analog Switch 
DPDT 75 Ohm High-Level CMOS Analog Switch 
4PST 75 Ohm High-Level CMOS Analog Switch 
Quad SPST CMOS Analog Switch 
Quad SPST CMOS Analog Switch 
SPST High-Level CMOS Analog Switch 
Dual SPST High-Level CMOS Analog Switch 
SPDT High-Level CMOS Analog Switch 
Dual SPDT High-Level CMOS Analog Switch 
DPST High-Level CMOS Analog Switch 
Dual DPST High-Level CMOS Analog Switch 
Dual SPST High-Level CMOS Analog Switch 
Dual DPST High-Level CMOS Analog Switch 
SPDT High-Level CMOS Analog Switch 
Dual SPDT High-Level CMOS Analog Switch 
Dual SPST CMOS RF/Video Switch 
Quad SPST CMOS RF/Video Switch 
Dual CMOS Driver/Voltage Translator 


MULTIPLEXERS 


DG506A 16-Channel/Dual 8-Channel CMOS Analog Multiplexer 

DG507A 16-Channel/Dual 8-Channel CMOS Analog Multiplexer 

DG508A 8-Channel/Dual 4-Channel CMOS Analog Multiplexer 

DG509A 8-Channel/Dual 4-Channel CMOS Analog Multiplexer 

DG526 16-Channel/Dual 8-Channel CMOS Latchable Multiplexer 

DG527 16-Channel/Dual 8-Channel CMOS Latchable Multiplexer 

DG528 8-Channel/Dual 4-Channel Latchable Multiplexer 

DG529 8-Channel/Dual 4-Channel Latchable Multiplexer 

HI-1818A/1828A Low Resistance Single 8/Differential 4-Channel 

CMOS Analog Multiplexers 

HI-506 Single 16/Differential 8-Channel CMOS Analog Multiplexer 

HI-507 Single 16/Differential 8-Channel CMOS Analog Multiplexer 

HI-506A Single 16/Differential 8-Channel CMOS Analog 

Multiplexer with Active Overvoltage Protection 
HI-507A Single 16/Differential 8-Channel CMOS Analog 

Multiplexer with Active Overvoltage Protection 


FOR MORE INFORMATION CONTACT YOUR 
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1-40 



Data Acquisition Products (Continued) 


MULTIPLEXERS (Continued) 

HI-508 Single 8/Differential 4-Channel CMOS. Analog Multiplexer 

HI-509 Single 8/Differential 4-Channel CMOS Analog Multiplexer 

HI-508A Single 8/Differential 4-Channel CMOS Analog Multiplexer 

with Active Overvoltage Protection 

HI-509A Single 8/Differential 4-Channel CMOS Analog Multiplexer 

with Active Overvoltage Protection 
HI-516 16-Channel/Differential 8-Channel CMOS 

High-Speed Analog Multiplexer 
HI-518 8-Channel/Differential 4-Channel CMOS 

High-Speed Analog Mulitplexer 

HI-524 4-Channel Wideband and Video Multiplexer 

HI-539 Monolithic, 4-Channel, Low Level, Differential Multiplexer 

HI-546 Single 16/Differential 8-Channel CMOS Analog Mulitplexer 

with Active Overvoltage Protection 

HI-547 Single 16/Differential 8-Channel CMOS Analog Mulitplexer 

with Active Overvoltage Protection 

HI-548 Single 8/Differential 4-Channel CMOS Analog Multiplexer 

with Active Overvoltage Protection 

HI-549 Single 8/Differential 4-Channel CMOS Analog Multiplexer 

with Active Overvoltage Protection 


IH5108 8-Channel Fault Protected CMOS Analog Multiplexer 

IH5116 16-Channel Fault Protected CMOS Analog Multiplexer 

IH5208 4-Channel Differential Fault Protected CMOS Analog Multiplexer 

IH5216 8-Channel Differential Fault Protected CMOS Analog Mulitplexer 

IH6108 8-Channel CMOS Analog Multiplexer 

IH6208 4-Channel Differential CMOS Analog Multiplexer 


DISPLAY DRIVERS 


CA3161 

CA3168 

ICM7211 

ICM7212 

ICM7218 

ICM7228 

ICM7231 

ICM7232 

ICM7243 


BCD to Seven Segment Decoder/Driver 
2-Digit BCD to Seven Segment Decoder/Driver 
4-Digit LCD/LED Display Driver 
4-Digit LCD/LED Display Driver 
8-Digit LED Multiplexed Display Driver 
8-Digit LED Multiplexed Display Driver 
Numeric/Alphanumeric Triplexed LCD Display Driver 
Numeric/Alphanumeric Triplexed LCD Display Driver 
8-Character ^P-Compatible LED Display Driver 


REAL-TIME CLOCK 

ICM7170 /iP-Compatible Real-Time Clock 



FOR MORE INFORMATION CONTACT YOUR 
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Data Acquisition Products (Continued) 
COUNTERS WITH DISPLAY DRIVERS/TIMEBASE GENERATORS 

ICM7207/A 
ICM7208 
ICM7209 
ICM7213 
ICM7216A/B/D 
ICM7217 
I CM 7224 
ICM7225 
ICM7226A/B 
ICM7249 

SPECIAL PURPOSE 

AD590 2-Wire Current Output Temperature Transducer 

ICL8069 Low Voltage Reference 

DATA COMMUNICATIONS 

ICL232 +5 Volt Powered Dual RS-232 Transmitter/Receiver 


CMOS Timebase Generator 

7- Digit LED Display Counter 
Timebase Generator 

One Second/One Minute Timebase Generator 

8- Digit Multi-Function Frequency Counter/Timer 
4-Digit LED Display Programmable Up/Down Counter 
4V2-Digit LCD/LED Display Counter 

4V2-Digit LCD/LED Display Counter 

8-Digit Multi-Function Frequency Counter/Timer 

5V2-Digit LCD jj-Power Event/Hour Meter 


FOR MORE INFORMATION CONTACT YOUR 
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Digital Signal Processing Products 


MULTIPLIERS 

HMA510 
HMA51 0/883 
HMU1 6/HMU1 7 
HMU1 6/883 
HMU1 7/883 


16x1 6-Bit CMOS Parallel Multiplier Accumulator 
16x1 6-Bit CMOS Parallel Multiplier Accumulator 
16x1 6-Bit CMOS Parallel Multipliers 
1 6 x 1 6-Bit CMOS Parallel Multiplier 
1 6 x 1 6-Bit CMOS Parallel Multiplier 


ONE DIMENSIONAL FILTERS 


DECI • MATE 

HSP431 68 

HSP43220 

HSP43220/883 

HSP43481 

HSP43481/883 

HSP43881 

HSP43881/883 

HSP43891 

HSP43891/883 


Harris HSP43220 Decimating Digital Filter Development Software 

Dual FIR Filter 

Decimating Digital Filter 

Decimating Digital Filter 

Digital Filter 

Digital Filter 

Digital Filter 

Digital Filter 

Digital Filter 

Digital Filter 


TWO DIMENSIONAL FILTERS 

HSP48901 3x3 Image Filter 

HSP48908 Two Dimensional Convolver 

HSP48908/833 Two Dimensional Convolver 


SIGNAL SYNTHESIZERS 


HSP45102 
HSP45106 
HSP451 06/883 
HSP451 1 6 
HSP451 16/883 


1 2 Bit Numerically Controlled Oscillator 
1 6 Bit Numerically Controlled Oscillator 
1 6 Bit Numerically Controlled Oscillator 
Numerically Controlled Oscillator/Modulator 
Numerically Controlled Oscillator/Modulator 


SPECIAL FUNCTION 


HSP45240 

HSP45240/883 

HSP45256 

HSP9501 

HSP9520/9521 

HSP9520/9521 


Address Sequencer 
Address Sequencer 
Binary Correlator 
Programmable Data Buffer 
Binary Correlator 



FOR MORE INFORMATION CONTACT YOUR 
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Mixed Signal Products 


RADIO COMMUNICATION CIRCUITS 


CA 1523 

Vipur Switching Regulator 

CA 2111 

Radio FMIF 

CA 301 1 

Radio FMIF 

CA 3012 

Radio FMIF 

CA 3013 

Radio FMIF 

CA 3014 

Radio FMIF 

CA 3088 

AM Radio Multipurpose Array 

CA 3163 

Divide by 64/256 Prescaler 

CA 3209 

Radio FMIF 

CA 3232 

Divide by 20 

CA 3259 

Stereo Audio Tone/Volume 

CA 3263 

Op Amp Band Switch Amplifier 

TRANSPORTATION AND INDUSTRIAL CIRCUITS 

CA 3164 

Det/Alarm 

CA 3165 

Ignition Det/Switch 

CA 3169 

Half H Drive 

CA 3228 

Speed Control System 

CA 3242 

Quad Gated Inverting Power Driver 

CA 3252 

Quad Gated Non-Inverting Power Driver 

CA 3262 

Quad Gated Inverting Power Driver with Protection 

CA 3272 

Quad Gated Non-Inverting Power Driver with Diagnostics 

CA 3273 

High Side Driver 

CA 3274 

Ingition Predriver 

CA 3275 

Dual H Driver 

CA 3276 

Dual Volt Regulator 

GS600 

Power Control/Motor Driver 

GS601 

Power Control/Motor Driver 

VIDEO/TV/CATV CIRCUITS 

CA 3070 

Chroma Subcarrier Regen 

CA 3154 

Horizontal Sync/AFC/Oscillator 

CA 3202 

Horizontal/Vertical Count Down 

CA 3210 

525/625 Horizontal/Vertical Count Down 

CA 3218 

Horizontal/Vertical/Oscillator Count Down 

CA 3224 

Auto Line Bias Current 

CA 3234 

Comp Video to RGB Chroma Luma Decoder 

CA 3236 

525/625 Line, Horizontal/Vertical Count Down 

CA 3237 

IR Remote Control Amplifier 

CA 3241 

Horizontal/Vertical Count Down 

CA 3247 

Analog Interface Unit 

CA 3253 

Camera Video Processor 

CA 3254 

RSI 70 Synch Generator with Gen/Lock/Line/Lock 

CA 3255 

625 Line Synch Generator with Gen/Lock/Line/Lock 

CA 3261 

Horizontal Processor 
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POWER PROCESSING CIRCUITS 


2 


SELECTION GUIDE 2-2 

POWER PROCESSING DATASHEETS 
CONVERTERS 

ICL644/645/ Low Voltage Step-Up Converters 2-87 

646/647 

ICL7644/7645/ Low Voltage Step-Up Converters 2-87 

7646/7647 

1C L 7660 CMOS Voltage Converter 2-96 

ICL 7660S Super Voltage Converter 2-105 

ICL 7662 CMOS Voltage Converter 2-115 

MOSFET DRIVERS 

HV 250 Half Bridge Complementary MOSFET Driver 2-46 

HV 255 Half Bridge Complementary MOSFET Driver 2-50 

HV 350 Half Bridge N-Channel MOSFET Driver 2-54 

HV 355 Half Bridge N-Channel MOSFET Driver 2-58 

HV 400 High Speed MOSFET Driver 2-62 

ICL 7667 Dual Power MOSFET Driver 2-141 

OFFLINE POWER SUPPLIES 

HV 1205 Single Chip Power Supply 2-65 

HV 2405E Single Chip Power Supply 2-76 

PULSE WIDTH MODULATORS 

CA 1524 Pulse Width Modulator 2-13 

CA 2524 Pulse Width Modulator 2-13 

CA 3524 Regulating Pulse Width Modulator 2-13 

REGULATORS 

CA 723, C Adjustable Voltage Regulator 2-5 

CA 3085, A, B Positive Voltage Regulator 2-39 

ICL 7663S CMOS Programmable Positive Voltage Regulator 2-124 

VOLTAGE MONITORING CIRCUITS 

ICL 7665S CMOS Micropower Over/Under Voltage Detector 2-131 

ICL 7673 Automatic Battery Back-up Switch 2-149 

ICL 8211 Programmable Voltage Detector 2-157 

ICL 8212 Programmable Voltage Detector 2-157 

ZERO VOLTAGE SWITCH 

CA 3059 Zero-Voltage Crossing Switch System 2-28 

CA 3079 Same as CA3059 Without Protection and Inhibit 2-28 


NOTE: Bold typo designates a new product from Harris. 
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POWER PROCESSING CIRCUITS 


TYPE 

FUNCTION 

DESCRIPTION 

PIN COUNT 
PACKAGE 

CONVERTERS | 

ICL644/645/ 

646/647/ 

ICL7644/7645/ 

7646/7647 

Low Voltage Step-Up 
Converters 

Designed to provide 3V or 5V output from a single 1.5V battery (645 and 7645) 
use two cells. Low quiescent current coupled with low start up voltage, insure long 
battery life. 

14/PDIP 

14/SOIC 

ICL7660S 

Voltage Converter 

Performs supply voltage conversion from positive to negative. Input range is 
+1.5V to +10V resulting in complementary output voltages of -1.5V to -12V. 
Can be connected as a voltage doubler to generate output voltage of -18.6V. Ta 
R ange: 0°C to +70°C, -55°C to +125°C. ICL7660S improved version of 
ICL7660. Has extended supply voltage range, lower supply current, and ESD 
protection (>2000V). 

8/SOlC, 

8/PDIP 

8/TO-99 

ICL7662S 

Voltage Converter 

Similar to the ICL7660S in its operation, except the output voltages are -4.5V to 
-20V. Doubler output 22.6V. 

8/PDIP 

8/TO-99 

MOSFET DRIVERS | 

HV-250/255 

Power CMOS FET 

Driver 

Complementary power MOSFET driver. Wide supply range (20V to 450V). High 
peak output current of 2A. High switching speed 200ns. New product in 
development. 

16/CDIP 

16/PDIP 

HV-350/355 

Totem Pole N-Channel 
Power MOSFET Driver 

Totem pole n-channel power MOSFET driver. Wide supply range (20V to 450V). 
high peak output current of 2A. High switching speed of 200ns. New product in 
development. 

16/CDIP 

16/PDIP 

1 6/SO 1C 

HV-400 

High Speed MOSFET 
Driver 

Single, non-inverting high speed driver (up to 300kHz) designed to drive large 
capacitive loads in 5,000pF to 100,000pF range. Capable of sourcing 6A and 
sinking 10A. 

8/PDIP 

8/CDIP 

8/SOIC 

ICL7667 

Dual Power 

MOSFET Driver 

TTL-compatible high-speed CMOS driver designed to provide high output 
current (1 .5A) and voltage (up to +1 5V) for driving the gates of power MOSFETs 
in high-frequency switched-mode power converters. Ta Range: 0°C to +70°C, 
-55°C to +1 25°C. 

8/SOIC 

8/PDIP 

8/CDIP 

8/TO-99 

| OFFLINE POWER SUPPLIES | 

HV-1205 

120VAC Offline 

Monolithic Power 

Supply 

AC to DC converter designed for 120VAC input. Output is capable of 5VDC 
to 24VDC @ 0mA to 50mA of current. This part is UL recognized (File# 130808) 
and UL listed. 

8/PDIP 

HV-2405 

240VAC Offline 

Monolithic Power 

Supply 

AC to DC converter designed for 240VAC input. Output is capable of 5VDC 
to 24VDC @ 0mA to 50mA of current. This part is UL recognized (File# 130808) 
and UL listed. 

8/PDIP 

| REGULATORS | 

ICL7663S 

Programmable Micro- 
Power Positive 

Voltage Regulator 

Low-power, high-efficiency device (l 0 = 4pA max.) that accepts an input of 1 to 
16V and provides an adjustable output over the same range at up to 40mA load. 
Ta Range: 0°C to +70°C, -25°C to +85°C. Line and load regulation and ESD 
protection (>2000V). 

8/SOIC 

8/CDIP 

8/PDIP 

8/TO-99 

| VOLTAGE MONITORING CIRCUITS | 

ICL7665S 

ICL7665 

Programmable Micro- 
Power Under/Over 
Voltage Detector 

Contains two individually programmable voltage comparators and requires only 
3fiA supply current. Intended for battery-operated systems that require low or 
high voltage warnings, etc. Open drain outputs for interfacing. Ta Range: 0°C to 
+70°C, -25°C to +85°C. ICL7665S improved ICL7665. For features, see 
ICL7663S. 

8/SOIC 

8/CDIP 

8/PDIP 

8/TO-99 

ICL7673 

Automatic Battery 

Backup Switch 

Automatically switches between a main power supply (eg., +5V) and a battery 
back-up supply, when the main supply is removed. Wide supply range: 2.5V to 
to T A Range: 0°C to +70°C, -25°C to +85°C. 

8/SOIC 

8/PDIP 

ICL8211 

Programmable Voltage 
Level Detector 

Contains a 1.15V reference, a comparator, a hysteresis output and a non- 
inverting main-output. Provides a 7mA current-limited output sink when voltage 
on threshold terminal is <1 .1 5V. Ta Range: 0°C to +70°C, -55°C to +1 25°C. 

8/SOIC 

8/CDIP 

8/PDIP 

8/TO-99 

ICL8212 

Programmable Voltage 
Level Detector 

Similar in operation to the ICL821 1 except that its main output is inverting as 
opposed to non-inverting. Requires a voltage in excess of 1.15V to switch its 
output current limit). Ta Range: Same as ICL821 1 . 

8/SOIC 

8/PDIP 

8/TO-99 
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POWER PROCESSING CIRCUITS 


TYPE 

DESCRIPTION 

V| 

RANGE 

V 

v 0 

RANGE 

V 

•o 

(MAX) 

mA 

LOAD 

REGULATION 
% V Q (MAX) 

V,-V 0 

V 

(MIN) 

SHORT-CIRCUIT 
CURRENT LIMIT 
mA (TYP) 

PIN COUNT 
AND PACKAGE 
TYPE* 

CA3085 

Voltage regulators 

7.5 to 30 

1 .8 to 26 

12** 

0.1 

4 

96 

8E.8S 

CA3085A 

7.5 to 40 

1.7 to 36 

100 

0.15 

4 

96 

8E,8S 

CA3085B 

7.5 to 50 

1.7 to 46 

100 

0.15 

3.5 

96 

8E.8S 

CA723 

9.5 to 40 

2 to 37 

150 

0.03 

3 

65 

1 0T, 1 4E 

CA723C 

9.5 to 40 

2 to 37 

150 

0.03 

3 

65 

10T.14E 


**This value may be extended to 1 00mA; however, regulation is not specified beyond 1 2mA. 

Operating temperature range (Ta)'. -55 to +1 25°C. Electrical characteristics atT/\ = 25°C 

TYPE 

DESCRIPTION 

V+ 

RANGE 

V 

v 0 

RANGE 

V 

LOAD 

REGULATION 
% V 0 (TYP) 

RIPPLE 
REJECTION 
dB (TYP) 

TOTAL STANDBY 
CURRENT IS (mA) 
(MAX) 

V CE SAT 

V 

(TYP) 

CA1 524 
CA2524 
CA3524 

Regulating 

pulse-width 

modulators 

8 to 40 

8 to 40 

8 to 40 

4.8 to 5.2 
4.8 to 5.2 
4.6 to 5.4 

0.2 

0.2 

0.2 

66 

66 

66 

10 

10 

10 

0.8 

0.8 

0.8 

Electrical characteristics at V+ = 20 V, f = 20kHZ. 

T a = -55 to +1 25°C for CA1 524; 0 to +70°C for CA2524, CA3534. 1 6-lead dual-in-line (E) & (F) packages. 
Short-circuit current limit: 1 00mA typ. Temperature stability: 1 % max. 

TYPE 

DESCRIPTION 

AC INPUT VOLTS 
<S> 50-60 & 400Hz 
(VAC) 

MAX. DC 
SUPPLY 
VOLTS (V) 

MAX. INPUT 
CURRENT 
(MA) 

SENSOR 
RANGE (R x ) 
k to 

CONTROL CURRENT TO 
THYRISTOR GATE 
(mA) 

CA3059 

Zero voltage 
switches 

24 

120 

208/230 

277 

14 

1 

2 to 100 

Up to 1 24 with internal supply; up 
to 240 with one external supply 

CA3079 

10 

2 

2 to 50 

Electrical characteristics atT A = 25°C. 1 4-Iead dual-in-line plastic package (no suffix). 

Operating temperature range (Ta): -55 to +1 25°C. 


*See Packaging and Ordering Information in Section 1 2. 
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HARRIS CA723 

CA723C 

Voltage Regulators Adjustable from 2V to 37V at Output 
August 1991 Currents Up to 150mA Without External Pass Transistors 


Features 

• Up to 150mA Output Current 

• Positive and Negative Voltage Regulation 

• Regulation in Excess of 10A with Suitable Pass 
Transistors 

• Input and Output Short-Circuit Protection 

• Load and Line Regulation 0.03% 

• Direct Replacement for 723 and 723C Industry Types 

• Adjustable Output Voltage 2V to 37 V 

Applications 

• Series and Shunt Voltage Regulator 

• Floating Regulator 

• Switching Voltage Regulator 

• High-Current Voltage Regulator 

• Temperature Controller 


Description 

The CA723 and CA723 are silicon monolithic integrated circuits 
designed for service as voltage regulators at output voltages 
ranging from 2V to 37V at currents up to 1 50 milliamperes. 

Each type includes a temperature-compensated reference 
amplifier, an error amplifier, a power series pass transistor, and a 
current-limiting circuit. They also provide independently accessible 
inputs for adjustable current limiting and remote shutdown and, in 
addition, feature low standby current drain, low temperature drift, 
and high ripple rejection. 

The CA723 and CA723C may be used with positive and negative 
power supplies in a wide variety of series, shunt, switching, and 
floating regulator applications. They can provide regulation at load 
currents greater than 150mA and in excess of 10A with the use of 
suitable n-p-n or p-n-p external pass transistors. 

The CA723 and CA723C are supplied in the 10 lead TO-5 style 
package (T suffix), and the 14 lead dual-in-line plastic package 
(E suffix), and are direct replacements for industry types 723, 
723C, pA723, and pA723C in packages with similar terminal 
arrangements. They are also available in chip form (“H” suffix). 

All types are rated for operation over the full military-temperature 
range of -55°C to +1 25°C. 


Pinouts 


E SUFFIX PACKAGE 
TOP VIEW 



T SUFFIX PACKAGE 
TOP VIEW 

CURRENT LIMIT 




2 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjjg Number 788.1 

Copyright © Harris Corporation 1991 
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CA723, CA723C 


Absolute Maximum Ratings 


DC Supply Voltage (Between V+ and V- Terminals) 40V 

Pulse Voltage for 50ms 

Pulse Width (Between V+ and V- Terminals) 50V 

Differential Input-Output Voltage 40V 

Differential Input Voltage 

Between Inverting and Non-Inverting Inputs ±5 V 

Between Non-Inverting Input and V- 8V 

Current From Zener Diode Terminal (V^) 25mA 

Current From Voltage Reference Terminal (Vref) 1 5mA 

Device Dissipation 
Up to T A = +25°C 

CA723T, CA723CT 800mW 

CA723E, CA723CE 1 0OOmW 

Above T A = +25°C 

CA723T, CA723CT, Derate Linearly 6.3mW/QC 

CA723E, CA723CE, Derate Linearly 8.3mW/°C 

Ambient Temperature Range 

Operating -55°Cto+125°C 

Storage -65°C to +1 50°C 

Lead Temperature, During Soldering . +265°C 


At a distance 1/16" ±1/32" (1.59 ± 0.79mm) from case for 10s max 


Vc 



FIGURE 1. EQUIVALENT SCHEMATIC DIAGRAM OF THE CA723 AND CA723C 
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CA723, CA723C 


ELECTRICAL CHARACTERISTICS at T A = 25 C, V + = V C = V| = 12 V, V“ = 0, V 0 = 5 V, 
l(_ = 1 mA, C-j = 100 pF, Crep = 0, R$CP = unless otherwise specified. Divider 
impedance R-| R2 at non-inverting input, Term. 5, = 10 kn (See Figure 20) 

R1+R2 




LIMITS 


CHARACTERISTIC 

TEST 

CA723 

CA723C 

UNITS 


CONDITIONS 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Quiescent Regulator 
Current, Iq 

l L = 0, 

V| = 30 V 

- 

2.3 

3.5 

- 

2.3 

4 

mA 

Input Voltage 

Range, V| 


9.5 

_ 

40 

9.5 



40 

V 

Output Voltage 
Range, Vq 


2 



37 

2 

_ 

37 

V 

Differential Input- 
Output Voltage, 

v,-v 0 


3 


38 

3 


38 

V 

Reference Voltage, 
VREF 


6.95 

7.15 

7.35 

6.8 

7.15 

7.5 

V 


V| = 12 
to 40 V 



0.02 

0.2 


0.1 

0.5 



V, = 12 
to 15 V 



0.01 

0.1 


0.01 

0.1 


Line Regulation 
(See Note 1 ) 

V, = 12 
to 15 V, 

T A = —55 to 
+125°C 



0.3 




%Vq 


V, = 12 
to 15 V, 

T A = O to 

70°C 






0.3 



'L = 1 

to 50 mA 

- 

0.03 

0.15 

_ 

0.03 

0.2 


Load Regulation 
(See Note 1 ) 

■l-i 

to 50 mA, 

T a = —55 to 
+125°C 



0.6 




%Vq 

i L = i 
to 50 mA, 

t a = o 

to 70° C 






0.6 


Output-Voltage 

Temp. Coefficient, 

a V q 

T A = -55 
to +125°C 

_ 

0.002 

0.015 




%/°c 

t a = 0 

to 70°C 





0.003 

0.015 

Ripple Rejection 
(See Note 2) 

f = 50 Hz 
to 10 kHz 

_ 

74 



74 



f = 50 Hz to 
10kHz, 

C REF = 5^F 


86 



86 


dB 


2-7 


POWER PROCESSING 
CIRCUITS 



CA723, CA723C 


ELECTRICAL CHARACTERISTICS (Cont'd) 



■ 

LIMITS 


CHARACTERISTIC 

KSp|R 

CA723 

CA723C 

UNITS 




cm 



cm 

Max. 


Short-Circuit 

Limiting Current, 

•lim 

R SCP = 1 o 12, 

v 0 = 0 

■ 

65 

■ 

■ 

65 

■ 

mA 

Equivalent Noise RMS 
Output Voltage, V N 
(See Note 2) 

BW = 100 Hz 
to 10 kHz, 

C REF =0 


20 

■ 

■ 

20 

■ 

mv 

BW = 100 Hz 
10 kHz, 

Cref = 5 mf 

i 


■ 

■ 

2.5 

■ 




Note 1: Line and load regulation specifications are given for condition of a constant chip 
temperature. For high-dissipation condition, temperature drifts must be separately 
taken into account. 

Note 2: For Cref (See Figure 20). 

TYPICAL CHARACTERISTICS CURVES FOR TYPE CA723 



FIGURE 2. MAX LOAD CURRENT vs DIFFERENTIAL 
INPUT-OUTPUT VOLTAGE 
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FIGURE 4. LOAD REGULATION WITH CURRENT LIMITING 



FIGURE 5. LOAD REGULATION WITH CURRENT LIMITING 
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CA723, CA723C 


TYPICAL CHARACTERISTICS CURVES FOR TYPE CA723 (Continued) 




FIGURE 8. MAX LOAD CURRENT vs DIFFERENTIAL FIGURE 9. MAX LOAD CURRENT vs DIFFERENTIAL 

INPUT-OUTPUT VOLTAGE CA723CT INPUT-OUTPUT VOLTAGE FOR CA723CE 



FIGURE 10. LOAD REGULATION WITHOUT CURRENT FIGURE 11. LOAD REGULATION WITH CURRENT LIMITING 
LIMITING 
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CA723, CA723C 


TYPICAL CHARACTERISTICS CURVES FOR TYPE CA723C (Continued) 




FIGURE 12. CURRENT LIMITING CHARACTERISTICS FIGURE 13. QUIESCENT CURRENT vs INPUT VOLTAGE 

TYPICAL CHARACTERISTICS CURVES FOR TYPES CA723 AND CA723C 



DIFFERENTIAL INPUT-OUTPUT VOLTAGE (V r V Q ) — V 


FIGURE 14. LOAD REGULATION vs DIFFERENTIAL 
INPUT-OUTPUT VOLTAGE 
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OAD CURRENT (I L ) = 40mA 
MBIENT TEMPERATURE (T A )=25°C 
HORT-CIRCUIT PROTECTION 
RESISTANCE (R SCP ) = 0 

| 

( 

1 

1 

gi 


-5 5 15 '25 35 45 


TIME ( t ) fi s 

FIGURE 16. LINE TRANSIENT RESPONSE 



FIGURE 15. LINE REGULATION vs DIFFERENTIAL 
INPUT-OUTPUT VOLTAGE 



FIGURE 17. CURRENT LIMITING CHARACTERISTICS vs 
JUNCTION TEMPERATURE 
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CA723, CA723C 


TYPICAL CHARACTERISTICS CURVES FOR TYPES CA723 AND CA723C (Continued) 



FIGURE 18. LOAD TRANSIENT RESPONSE 


TYPICAL APPLICATION CIRCUITS 




CIRCUIT PERFORMANCE DATA: 

REGULATED OUTPUT VOLTAGE . . . 5 V 

LINE REGULATION (AV|- 3 V) .... 0 5 mV 
LOAD REGULATION (Al L - 50 mA). . . 1.5 mV 



CIRCUIT PERFORMANCE DATA: 

REGULATED OUTPUT VOLTAGE ... 15 V 
LINE REGULATION (A V| = 3 V) .... 1.5 mV 
LOAD REGULATION (AI L = 50 mA) . . 4 5 mV 


FIGURE 20. LOW VOLTAGE REGULATOR CIRCUIT 
(V 0 = 2V TO 7 V) 


FIGURE 21. HIGH VOLTAGE REGULATOR CIRCUIT 
(V 0 = 7 V TO 37 V) 



vi 



CIRCUIT PERFORMANCE DATA: 

REGULATED OUTPUT VOLTAGE ... 15 V 

LINE REGULATION (AV| = 3 V) .... 1.5 mV 
LOAD REGULATION (AIL = 1 A). ... 15 mV 


FIGURE 22. NEGATIVE VOLTAGE REGULATOR CIRCUIT FIGURE 23. POSITIVE VOLTAGE REGULATOR CIRCUIT 

(WITH EXTERNAL n-p-n PASS TRANSISTOR) 
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CA723, CA723C 


TYPICAL APPLICATION CIRCUITS (Continued) 



REGULATED OUTPUT VOLTAGE . . . B V 
LINE REGULATION <AV| - 3 V) .... 0.5 mV 
LOAD REGULATION (AlL-1 A). ... 5 mV 



REGULATED OUTPUT VOLTAGE ... 5 V 

LINE REGULATION (AV| = 3 V) .... 0.5 mV 
LOAD REGULATION (Al L - 10 mA). . . 1 mV 

SHORT-CIRCUIT CURRENT 20 mA 


FIGURE 24. POSITIVE VOLTAGE REGULATOR CIRCUIT FIGURE 25. FOLDBACK CURRENT LIMITING CIRCUIT 

(WITH EXTERNAL p-n-p PASS TRANSISTOR) 



netted in series with Vo (Terminal G). 

CIRCUIT PERFORMANCE DATA: 

REGULATED OUTPUT VOLTAGE ... 50 V 
LINE REGULATION (AV| = 20 V) ... 15 mV 
LOAD REGULATION (-Ml = 50 mA|. . . 20 mV 

FIGURE 26. POSITIVE FLOATING REGULATOR CIRCUIT 



CIRCUIT PERFORMANCE DATA: 


REGULATED OUTPUT VOLTAGE . . . -100 V 
LINE REGULATION (AV| = 20 V) ... 30 mV 

LOAD REGULATION (AIl = 100 mA) . . 20 mV 

Note: For applications employing the TO-5 style 
package and where Vz is required, an ex- 
ternal 6.2-volt zener diode should be con- 
nected in series with Vo (Terminal 6). 

FIGURE 27. NEGATIVE FLOATING REGULATOR CIRCUIT 



REGULATED OUTPUT VOLTAGE ... 5 V 

LINE REGULATION (A V| = 3 V) .... 0 5 mV 
LOAD REGULATION (AI L = 50 mA). . . 1.5 mV 

Note 1 : A current limiting transistor may be used for 
shutdown if current limiting is not required. 

Note 2: Add a diode if Vo > 10 V. 

FIGURE 28. REMOTE SHUTDOWN REGULATOR CIRCUIT 
WITH CURRENT LIMITING 



REGULATED OUTPUT VOLTAGE ... 5 V 

LINE REGULATION (AV| = 10 V) ... 0.5 mV 
LOAD REGULATION (AlL = 100 mA) . . 1.5 mV 
Note For applications employing the TO-5 style package 
and where Vz is required, an external 6.2-volt 
zener diode should be connected in series with 
Vo (Terminal 6). 

FIGURE 29. SHUNT REGULATOR CIRCUIT 
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O Harris CA1524, CA2524 

CA3 524 

Regulating Pulse 

August 1991 Width Modulator 


Features 

• Complete PWM Power Control Circuitry 

• Separate Outputs for Single-Ended or Push-Pull 
Operation 

• Line and Load Regulation of O. 20/0 (Typ) 

• Internal Reference Supply with 1% (Max) Oscillator 
and Reference Voltage Variation Over Full 
Temperature Range 

• Standby Current of Less Than 10mA 

• Frequency of Operation Beyond 100kHz 

• Variable-Output Dead Time of 0.5fts to 5ps 

• Low VcE(sat) Over the Temperature Range 

Applications 

• Positive and Negative Regulated Supplies 

• Dual-Output Regulators 

• Flyback Converters 

• DC-DC Transformer-Coupled Regulating Converters 

• Single-Ended DC-DC Converters 

• Variable Power Supplies 

Pinout 

16 LEAD DUAL-IN-LINE PACKAGE 
TOP VIEW 


INV. INPUT 
NON - 
INV. INPUT 

OSC OUT 
(+ ) C.L. 

SENSE 
( " ) C.L. 
SENSE 

R T 

c t 

GND 



Description 

The CA1 524, CA2524, and CA3524 are silicon monolithic 
integrated circuits designed to provide all the control 
circuitry for use in a broad range of switching regulator 
circuits. 

The CA1 524, CA2524, and CA3524 have all the features of 
the industry types SGI 524, SG2524, and SG3524, 
respectively. A block diagram of the CA1524 series is 
shown in Fig. 1. The circuit includes a zener voltage 
reference, transconductance error amplifier, precision R-C 
oscillator, pulse-width modulator, pulse-steering flip-flop, 
dual alternating output switches, and current-limiting and 
shutdown circuitry. This device can be used for switching 
regulators of either polarity, transformer-coupled dc-dc 
converter, transformerless voltage doublers, dc-ac power 
inverters, highly efficient variable power supplies, and polar- 
ity converter, as well as other power-control applications. 

The CA1524 is specified for the military temperature range 
of -55°C to +1 25°C. 

The CA2524 and CA3524 are speciifed for the 
commmercial temperature range of 0°C to 70°C. All types 
operate over a supply voltage range of 8 to 40 V, have a 
rated operating temperature range of -55°C to +125°C, 
and are supplied in 16 lead, dual-in-line plastic packages 
(E suffix, and dual-in-line frit-seal hermetic packages 
(F suffix)). The CA3524 is available in chip form (H suffix). 

Maximum Rating, Absolute-Maximum Values 


Input Voltage (Between V|n and GND Terminals) 40V 

Operating Voltage Range (V|n to GND) 8 to 40V 

Output Current Each Output: 

(Terminal 1 1 , 1 2 or 1 3, 1 4) 1 00mA 

Output Current (Reference Regulator) 50mA 

Oscillator Charging Current 5mA 

Device Dissipation: 

Up toT/\ = 25°C 1W 

Above T/\ = 25°C Derate linearly 8mW/°C 

Operating Temperature Range -55 to +1 25°C 

Storage Temperature Range -65 to +1 50°C 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1239.1 
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CA 1524, CA2524, CA3524 


ELECTRICAL CHARACTERISTICS at Ta=- 55 to +125° C for CA1524, 

Oto +70° C for the CA2524 and CA3524; V+=20 V and f=20 kHz, unless otherwise stated. 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

DAI 524, CA2524 

CA3524 

UElBTJiAU!! 

iziciBniiig 

Reference Section: | 

Output Voltage 


EH 

mm 


ESI 

5 

121 


Line Regulation 

V+=8 to 40 V 

— 

B£S 

rani 

— 

mm 


■SOB 

Load Regulation 

. I L =0 to 20 mA 

— 

EM 


— 

El 


JM 

Ripple Rejection 

f=120 Hz, Ta=25°C 

— 

|£| 

— 

— 


— 


Short Circuit Current Limit 

V RE f=0, T a =25° C 

— 

iTtltl 

— 

— 


— 


Temperature Stability 

Over Operating Temperature Range 

— 


i 

— 


1 

% 

Long Term Stability 

T a =25°C 

— 

20 

— 

— 

20 

— 

mV/khr 

Oscillator Section: ( 

Maximum Frequency 

Ct=0.001 /jF, R t =2 KO 

— 

ETiTil 

— 

— 

ETiTil 

— 

kHz 

Initial Accuracy 

Rt and Ct constant 

— 

u 

— 

— 

■a 

— 

% 

Voltage Stability 

V+=8 to 40 V, Ta=25°C 

— 

— 

i 

— 

— 

1 

% 

Temperature Stability 

Over Operating Temperature Range 

— 

— 

2 

— 

— 

2 

■■ 

Output Amplitude 

Terminal 3, T A =25°C 

— 

mum 

— 

— 

Eg 

— 

BB 

Output Pulse Width (Pin 3) 

C T =0.01 fiF, T A =25°C 

— 


— 

— 

liCT 

— 

V s 1 

Ramp Voltage Low 

Pin 7 

— 


— 

— 


— 

MM 

Ramp Voltage High 

Pin 7 

— 

IflEl 

— 

— 

gclTl 

— 


Capacitor Charging Current 

Current Range 

Pin 7 

(5-2 V be )/RT 


- 

2 

0.03 

- 


mA 

Timing Resistance Range 

Pin 6 

m 

— 

lEEl 

EH 

— 

rail 

W2M\ 

Charging Capacitor Range 

Pin 7 

ililiH 

— 

ED 

•SOI 

— 

0.1 


Dead Time Expansion Capacitor on 

Pin 3 (when a small osc. cap is used) 

Pin 3 

100 

- 

1000 

100 

- 

1000 

PF 

Error Amplifier Section: | 

Input Offset Voltage 

V C m=2.5 V 

— 

ESI 

5 

— 

2 

■9 

■SEE 

Input Bias Current 

Vcm=2.5 V 

— 


MM 

— 

mm 

MM 

M 

Open Loop Voltage Gain 


wa 

EM 

- 

El 

mm 

- 

dB 

Common Mode Voltage 

T A =25°C 

EH 

- 

gnni 

KO 

— 

ESI 

V 

Common Mode Rejection Ratio 

T a =25°C 

— 

MEM 

— 

— 

MM 

— 

dB 

Small Signal Bandwidth 

Av=0dB, T a =25°C 

— 

mm 

— 

— 

El 

— 

MHz 

Output Voltage 

T a =25°C 

ESI 

- 

EH 


- 

EO 

IS 

Amplifier Pole 


— 


— 

— 

EETil 

— 

ia 

Pin 9 Shutdown Current 

External Sink 

— 


— 

— 

151 

— 

Ml 

Comparator Section: | 

Duty Cycle 

% Each Output On 

0 

— 

45 

0 

— 

45 

% 

Input Threshold 

^^^MSSSEE^^M 

— 

i 

— 

— 

i 

— 

V 

Input Threshold 

Max. Duty Cycle 

- 

m*4k 

— 

— 

icIEM 


V 

Input Bias Current 



i 

— 

— 

i 

- 

fjA 

Current Limiting Section: | 

Sense Voltage For 25% Output 

Duty Cycle 

Terminal 9=2 V with Error Ampli- 
fier Set for Max Out, T A =25°C 

190 






mV 

Sense Voltage T.C. 


— 


- 

- 


MEM 


Common Mode Voltage 


-1 

— 

ESM 

El 

- 

■a 

mm 

Rolloff Pole of R51 C3 + Q64 


— 

300 


- 

BcTiTil 

- 

Hz 


Hi9h I 1/1/ 

*Ramp voltage at Pin 7 J Low I » * where t = OSC period In microseconds 

• j j \ t ss r t Ct with Ct in microfarads and Rt in ohms. 

Output frequency at each output transistor is half OSC frequency when each output is used separately andjis equal to the OSC frequency 
when each output is connected in parallel. 
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CA 1524, CA2524, CA3524 



ELECTRICAL CHARACTERISTICS (Cont’d) 


CHARACTERISTIC 


Output Section: (Each Output) 


Collector-Emitter Voltage 


Collector Leakage Current 


Saturation Voltage 


Emitter Output Voltage 


Rise Time 


Fall Time 


Excluding oscillator charging current, error and 
current limit dividers, and with outputs open. 


TEST CONDITIONS 


V ce =40 V 


V+=40 V, l c =50 mA 


V+=20 V 


R c =2 KQ, Ta=25° C 


Rc=2 KO, T a =25 C 


V+=40 V 


LIMITS 


A1524, CA2524 CA3524 






REF SECTION 


Q2 I — T-IQ7HHQI3 


4Q9 Cl 
K 20 pF 


10 K /r? 

'•“J £« 

I I PULSE 

I f .STEERING 

I t — Iflip 

>R8 |FL0P 

r 4K I 


2 n pF kio L A lT" 

f&> fi lid f n 


r ERRORJAM 

H-rtoeo 


1 

< 

M.B K 

M 




|INPUT 

n 

1 


3 


( 



( 

i loser i 

I0UT.I 

Q58 

^ \ 


053^,54 ^ I 


l 5 

| > IK R48< 


Fig. 3 - Schematic diagram. 































CA 1524, CA2524, CA3524 


CIRCUIT DESCRIPTION 
Voltage Reference Section 

The CA1524 series contains an internal series voltage 
regulator employing a zener reference to provide a nominal 
5-volt output, which is used to bias all internal timing and 
control circuitry. The output of this regulator is available at 
terminal 16 and is capable of supplying up to 50-mA output 
current. 

Fig. 4 shows the temperature variation of the reference 
voltage with supply voltages of 8 to 40 volts and load 
currents up to 20 mA. Load regulation and line regulation 
curves are shown in Figs. 5 and 6, respectively. 



Fig. 4 - Typical reference voltage as a function 
of ambient temperature. 



Fig. 5 - Typical reference voltage as a function 
of reference output current. 



Fig. 6 - Typical reference voltage as a function 
of supply voltage. 


Oscillator Section 

Transistors Q42, Q43 and Q44, in conjunction with an 
external resistor R T , establishes aconstantcharging current 
into an external capacitor Ct to provide a linear ramp 
voltage at terminal 7. The ramp voltage has a value that 
ranges from 0.6 to 3.5 volts and is used as the reference for 
the comparator in the device. The charging current is equal 
to (5-2V B e)/Rt or approximately 3.6/Rt and should be kept 
within the range of 30 pA to 2 mA by varying Rt. The 
discharge time of Ct determines the pulse width of the 
oscillator output pulse at terminal 3. This pulse has a 
practical range of 0.5//S to 5//s for a capacitor range of 0.001 
to 0.1 pF. The pulse has two internal uses: as a dead-time 
control of blanking pulse to the output stages toassurethat 
both outputs cannot be on simultaneously and as a trigger 
pulse to the internal flip-flop which controls the switching 
of the output between the two output channels. The output 
dead-time relationship is shown in Fig. 7. Pulse widths less 
than 0.5 ps may allow false triggering of one output by 
removing the blanking pulse prior to a stable state in the 
flip-flop. 



Fig. 7 - Typical output stage dead time as a 
function of timing capacitor value. 


If a small value of Ct must be used, the pulse width can be 
further expanded by theaddition of ashuntcapacitorin the 
order of 100 pF but no greater than 1000 pF, from terminal 3 
to ground. When the oscillator output pulse is used as a 
sync input to an oscilloscope, the cable and input capaci- 
tances may increase the pulse width slightly. A 2-Kfi 
resistor at terminal 3 will usually provide sufficient de- 
coupling of the cable. The upper limit of the pulse width is 
determined by the maximum duty cycle acceptable. 

The oscillator period is determined by R T and C T , with an 
approximate value of t=R T C T , where R T is in ohms, C T is in 
pF, and t is \nps. Excess lead lengths, which produce stray 
capacitances, should be avoided in connecting R T and C T to 
their respective terminals. Fig. 8 provides curves for 
selecting these values for a wide range of oscillator periods. 
For series regulator applications, the two outputs can be 
connected in parallel for an effective 0-9C% duty cycle with 
the output stage frequency the same as the oscillator 
frequency. Since the outputs are separate, push-pull and 
flyback applications are possible. The flip-flop divides the 
frequency such that the duty cycle of each output is 0-45% 
and the overall frequency is half that of the oscillator. 
Curves of the output duty cycle as a function of the voltage 
at terminal 9 are shown in Fig. 10. To synchronize two or 
more CA1524’s, one must be designated as master, with 
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Fig. 8 - Typical oscillator period as a function 
of Rj and C T . 


RtCt set for the correct period. Each of the remaining units 
(slaves) must have a C T of V 2 the value used in the master and 
approximately a 10% longer R T C T period than the master. 
Connecting terminal 3together on all units assures that the 
master output pulse, which occurs first and has a wider 
pulse width, will reset the slave units. 

Error Amplifier Section 

The error amplifier consists of a differential pair (Q56, Q57) 
with an active load (Q61 and Q62) forming a differential 
transconductance amplifier. Since Q61 is driven by a 
constant current source, Q62, the output impedance Rout, 
terminal 9, is very high (= 5 MO). 

The gain is: 

A v =g m R=8 lc R/2KT=10 4 , 

Rout Rl 

where R = , Rl=°°, Av 10 4 

Rout+RL 

Since R ou t is extremely high, the gain can be easily reduced 
from a nominal 10 4 (80 dB) by the addition of an external 
shunt resistor from terminal 9 to ground as shown in Fig. 9. 



Fig. 9 - Open-loop error amplifier response 
characteristics. 



Fig. 10 - Typical duty cycle as a function of 
comparator voltage (at terminal 9). 


phase shift curves are shown in Fig. 10. The uncompensated 
amplifier has a single pole at approximately 250 Hz and a 
unity gain cross-over at 3 MHz. 

Since most output filter designs introduce one or more 
additional poles at a lower frequency, the best network to 
stabilize the system is a series RC combination at terminal 9 
to ground. This network should be designed to introduce a 
zero to cancel out one of the output filter poles. A good 
starting point to determine the external poles is a 1000-pF 
capacitor and a variable series 50-KQ potentiometer from 
terminal 9 to ground. The compensation point is also a 
convenient place to insert any programming signal to 
override the error amplifier. Internal shutdown and current 
limiting are also connected at terminal 9. Any external 
circuit that can sink 200 pA can pull this point to ground and 
shut off both output drivers. 

While feedback is normally applied around the entire 
regulator, the error amplifier can be used with conventional 
operational amplifier feedback and will be stable in either 
the inverting or non-inverting mode. Input common-mode 
limits must be observed; if not, output signal inversion may 
result. The internal 5-volt reference can be used for 
conventional regulator applications if divided as shown in 
Fig. 11. If the error amplifier is connected as a unity gain 
amplifier, a fixed duty cycle application results. 



The output amplifier terminal is also used to compensate 
the system for ac stability. The frequency response and 
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Output Section 

The CA1524 series outputs are two identical n-p-n tran- 
sistors with both collectors and emitters uncommitted. 
Each output transistor has antisaturation circuitry that 
enables a fast transient response for the wide range of 
oscillator frequencies. Current limiting of the output section 
is set at 100 mA for each output and 100 mA total if both 
outputs are paralleled. Having both emitters and collectors 
available provides the versatility to drive either n-p-n or 
p-n-p external transistors. Curves of the output saturation 
voltage as a function of temperature and output current are 
shown in Figs. 11 and 12, respectively. 

There are a number of output configurations possible in the 
application of the CA1524 to voltage regulator circuits 
which fall into three basic classifications: 

1. Capacitor-diode coupled voltage multipliers 

2. Inductor-capacitor single-ended circuits 

3. Transformer-coupled circuits 



Fig. 12 - Typical output saturation voltage as a 
function of output current. 


Device Application Suggestions 

For higher currents, the circuit of Fig. 13 may be used with 
an external p-n-p transistor and bias resistor. The internal 
regulator may be bypassed for operation from a fixed 5-volt 
supply by connecting both terminals 1 5 and 1 6 to the input 
voltage, which must not exceed 6 volts. 


The internal 5-volt reference can be used for conventional 
regulator applications if divided as shown in Fig. 14. If the 
error amplifier is connected as a unity gain amplifier, a fixed 
duty cycle application results. 


92CS-32676 

Fig. 14 - Error amplifier biasing circuits. 



AND MUST NOT EXCEED 6V 
92CS- 37297 

Fig. 15 - Circuit to allow external bypass of the 
reference regulation. 


To provide an expansion of the dead time without loading 
the oscillator, the circuit of Fig. 16 may be used. 




92CS -32667 

Fig. 13 - Circuit for expanding the reference current 
capability. 



Fig. 16 - Circuit for expansion of dead time, without using 
a capacitor on pin 3 or when a low value 
oscillator capacitor is used. 
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92CS-32677RI 

Fig. 17 - Foldback current-limiting circuit used to 
reduce power dissipation under shorted 
output conditions. 


Dl 



92CS-32687 


Fig. 18 - Capacitor-diode coupled voltage multiplier 
output stages. (Note: Diode Dl is necessary 
to prevent reverse emitter-base breakdown of 
transistor switch Sa). 



92CS-32678 

Fig. 19 - Single-ended inductor circuits where the 

two outputs of the 1524 are connected in parallel. 


Table I - Input vs. Output voltage, and 
Feedback Resistor Values for 
Il=40 mA (For capacitor-diode 


output circuit in Fig. 21) 




FULL~BRIDGE 92CM-3268I 

Fig. 20 - Transformer-coupled outputs. 
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APPLICATIONS* 

A capacitor-diode output filter is used in Fig. 22 to convert 
+1 5 V dc to -5 V dc at output currents up to 50 mA. Since the 
output transistors have built-in current limiting, no additional 
current limiting is needed. Table I gives the required 
minimum input voltage and feedback resistorvalues, R2, for 
an output voltage. 

Capacitor-Diode Output Circuit 

A capacitor-diode output filter is used in Fig. 21 to convert 
+1 5 V dc to -5 V dc at output currents up to 50 mA. Since the 
output transistors have built-in current limiting, no additional 
current limiting is needed. Table I gives the required 
minimum input voltage and feedback resistorvalues, R2,for 


*For additional information on the application of this device and a 
further explanation of the circuits below, see RCA Application Note 
ICAN-6915 “Application of the CA1524 series PWM 1C”. 


an output voltage range of -0.5 V to -20 V with an output 
current of 40 mA. 

Single-Ended Switching Regulator 

The CA1 524 in the circuit of Fig. 22 has both output stages 
connected in parallel to produce an effective 0-90% duty 
cycle. Transistor Q1 is pulsed on and off by these output 
stages. Regulation is achieved from the feedback provided 
by R1 and R2 to the error amplifier which adjusts the on- 
time of the output transistors according to the load current 
being drawn. Various output voltages can be obtained by 
adjusting R1 and R2. The use of an output inductor requires 
an R-C phase compensation network to stabilize the system. 
Current limiting is set at 1.9 amperes by the sense resistor 
R3. 



Fig. 21 - Capacitor-diode output circuit. 



o.in 

92CM-32683 

Fig. 22 - Single-ended LC switching regulator circuit. 
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Flyback Converter 

Fig. 23 shows a flyback converter circuit for generating a 
dual 15-volt output at 20 mA from a 5-volt regulated line. 
Reference voltage is provided by the input and the internal 
reference generator is unused. Current limiting in this 
circuit is accomplished by sensing current in the primary 
line and resetting the soft-start circuit. 

Push-Pull Converter 

The output stages of the CA1524 provide the drive for 
transistors Q1 and Q2 in the push-pull application of Fig. 24. 
Since the internal flip-flop divides the oscillator frequency 
by two, the oscillator must be set at twice the output 
frequency. Current limiting for this circuit is done in the 
primary of transformer T1 so that the pulse width will be 
reduced if transformer saturation should occur. 


Low-Frequency Pulse Generator 

Fig. 25 shows the CA1524 being used as a low-frequency 
pulse generator. Since all components (error amplifier, 
oscillator, oscillator reference regulator, output transistor 
drivers) are on the 1C, a regulated 5 -V (or 2.5-V) pulse of 
0%-45% (or 0%-90%) on time is possible over a frequency 
range of 150 to 500 Hz. Switch SI is used to go from a 5-V 
output pulse (SI closed) to a 2.5-V output pulse (SI open) 
with a d uty cycle range of 0% to 45%. The output frequency 
will be roughly half of the oscillator frequency when the 
output transistors are not connected in parallel (75 Hz to 
250 Hz, respectively). Switch S2 will allow both output 
stages to be paralleled for an effective duty cycle of 0%-90% 
with the output frequency range from 150 to 500 Hz. The 
frequency is adjusted by R1 ; R2 controls duty cycle. 




Fig. 23 - Flyback converter circuit. 



Fig. 24 - Push-pull transformer-coupled converter. 
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Fig. 25 - Low-frequency pulse generator. 


The Variable Switcher 

The circuit diagram of the CA1524, used as a variable- 
output-voltage power supply is shown in Fig. 26. By 
connecting the two output transistors in parallel, the duty 
cycle is doubled, i.e., 0-90%. 


As the reference voltage level is varied, the feedback 
voltage will track that level and cause the output voltage to 
change according to the change in reference voltage. 



Fig. 26 - The CA1524 used as a 0-5 A, 7-30 V laboratory supply. 
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Digital Readout Scale 

The CA1524 can be used as the driving source for an 
electronic scale application. The circuit shown in Figs. 27 
and 28 uses half (Q2) of the CA1 524 output in a low-voltage 
switching regulator (2.2 V) application to drive the LED’s 
displaying the weight. The remaining output stage (Q1) is 
used as a driver for the sampling plates PL1 and PL2. Since 
the CA1524 contains a 5-volt internal regulator and a wide 
operating range of 8 to 40 volts, a single 9-volt battery can 
power the total system. The two plates, PL1 and PL2, are 
driven with opposite phase signals (frequency held constant 
butdutycycle may change) from the pulse-width modulator 
1C (CA1524). The sensor, S, is located between the two 
plates. Plates PL1, S and PL2 form an effective capacitance 


bridge-type divider network. As plate S is moved according 
to the object's weight, a change in capacitance is noted 
between PL1, S and PL2. This change is reflected as a 
voltage to the ac amplifier (CA3160). At the null position the 
signals from PL1 and PL2 as detected by S are equal in 
amplitude, but opposite in phase. As Sis driven bythe scale 
mechanism down toward PL2, the signal at S becomes 
greater. The CA3160 ac amplifier provides a buffer for the 
small signal change noted atS. Theoutput of the CA3160is 
converted to a dc voltage by a peak-to-peak detector. A 
peak-to-peak detector is needed, since the duty cycle of the 
sampled waveform is subject to change. The detector 
output is filtered further and displayed via the CA31 61 E and 
CA3162E digital readout system, indicating the weight on 
the scale. 




Fig. 27 - Basic digital readout scale. 
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* FAIRCHILD FND507 OR EQUIVALENT 

Fig. 28 - Schematic diagram of digital readout scale ( cont’d ). 
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Zero-Voltage Switches 
For 50/60 and 400Hz Thyristor Control Applications 


Features 

• Relay Control 

• Valve Control 

• Synchronous Switching of Flashing Lights 

• On-Off Motor Switching 

• Differential Comparator with Self-Contained Power 
Supply for Industrial Applications 

• Photosensitive Control 

• Power One-Shot Control 

• Heater Control 

• Lamp Control 

Type Features 

CA3059 CA3079 


• 24V, 1 20V, 208/230 V, 277V at 50/60 . . . 
or 400Hz Operation 

• Differential Input 


• Low Balance Input Current (Max) - pA 1 2 

• Built-In Protection Circuit for N / v / 

Opened or Shorted Sensor (Term 1 4) 

• Sensor Range (Rx) -kH 2-100 2-50 

• DC Mode (Term 12) s / 


• External Trigger (Term 6) 

• External Inhibit (Term 1) 

• DC Supply Volts (Max) 

• Operating Temperature Range (°C) 


Description 

The CA3059 and CA3079 zero-voltage switches are 
monolithic silicon integrated circuits designed to control a 
thyristor in a variety of AC power switching applications for 
AC input voltages of 24V, 120V, 208/230V, and 277V at 
50/60 and 400Hz. Each of the zero-voltage switches 
incorporates 4 functional blocks (see Fig. 1) as follows: 

1 . Limiter-Power Supply - Permits operation directly 
from an AC line. 

2. Differential On/Off Sensing Amplifier - Tests the 
condition of external sensors or command signals. 
Hysteresis or proportional-control capability may easily 
be implemented in this section. 

3. Zero-Crossing Detector -Synchronizes the output 
pulses of the circuit at the time when the AC cycle is at 
zero voltage point; thereby eliminating radio-frequency 
interference (RFI) when used with resistive loads. 

4. Triac Gating Circuit - Provides high-current pulses 
to the gate of the power controlling thyristor. 

In addition, the CA3059 provides the following important 
auxiliary functions (see Fig. 1). 

1 . A built-in protection circuit that may be actuated to 
remove drive from the triac if the sensor opens or shorts. 

2. Thyristor firing may be inhibited through the action of an 
internal diode gate connected to Terminal 1. 

3. High-power dc comparator operation is provided by 
overriding the action of the zero-crossing detector. This 
is accomplished by connecting Terminal 1 2 to Terminal 7. 
Gate current to the thyristor is continuous when Terminal 

1 3 is positive with respect to Terminal 9. 

The CA3059 and CA3079 are supplied in 14 lead dual-in- 
line plastic packages. They are is also available in chip form 
(H suffix). 


Pinouts 


CA3059 
TOP VIEW 


CA3079 
TOP VIEW 


DC SUPPLY [ 2 _ 

HIGH CURRENT HT 
NEG. TRIGGER L- 

TRIGGER OUT IT 


TRIGGER IN 6 


COMMON 7 


14 FAIL-SAFE 


13 SENSE AMP IN 


12] ZCD OVERRIDE 
TTj R DRIVER (COM) 
To] R DRIVER V + 


9 SENSE AMP REF 


8 COMMON 


DO NOT USE U_ 
DC SUPPLY IT 


HIGH CURRENT [ 
NEG. TRIGGER L 


TRIGGER OUT 4 


DO NOT USE 6 


COMMON 7 


14 DO NOT USE 


13 SENSE AMP IN 


12 DO NOT USE 


Ijj R DRIVER (COM) 
To] R DRIVER V + 


9 SENSE AMP REF 


8 COMMON 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 


File Number 490.1 
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MAXIMUM RATINGS, Absolute-Maximum Values at Ta = 25° C 
DC SUPPLY VOLTAGE (BETWEEN TERMS. 2 AND 7): 

CA3059 

CA3079 

DC SUPPLY VOLTAGE, (BETWEEN TERMS. 2 AND 8): 

CA3059 

CA3079 

PEAK SUPPLY CURRENT (TERMS. 5 AND 7) 

OUTPUT PULSE CURRENT (TERM. 4) 

POWER DISSIPATIONS: 

Up to TA = 55° C - CA3059, CA3079 

Above TA = 55° C - CA3059, CA3079 

AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/1 6" ± 1/32" (1 .59 ± 0.79 mm) from case for 1 0 seconds max. 


14 V 

10V 

14V 

10V 

± 50 mA 

150 mA 

700 mW 

Derate linearly 6.67 mW/°C 

-55 to +125° C 

-65 to +150° C 

+265° C 



MAXIMUM VOLTAGE RATINGS atT A = 25°C 


MAXIMUM 

CURRENT 

RATINGS 


TERM- 

INAL 

NO. 

1 

Mote 

3 

2 

3 

4 

5 

Note 

1 

6 

Note 

3 

7 

8 

9 

10 

11 

12 

Note 

3 

13 

14 

Note 

2.3 

'IN 

mA 

'out 

mA 

1 

Note 3 


* 

* 

* 

* 

15 

0 

10 

-2 

* 

♦ 

* 

* 

9 

♦ 

* 

10 

0.1 

2 



0 

-15 

0 

-15 

2 

-14 

0 

-14 

0* 

-14 

o A 

-14 

0 

-14 

0 

-14 

0 

-14 

* 

0 

-14 

0 

-14 

150 

10 

3 




0 

-15 

* 

* 

* 

* 

♦ 

* 

* 

* 

* 

♦ 

♦ 

* 

4 





* 

2 . 
-10 

* 

* 

* 

* 

* 

* 

* 

* 

0.1 

150 

5 

Note 1 






* 

7 

-7 

* 

* 

* 

♦ 

♦ 

* 

* 

50 

10 

6 

Note 3 







14 

0 ' 

* 

* 

* 

* 

♦ 

* 

♦ 

* 

* 

7 








* 

14 

0 

* 

20 

0 

2.5 

-2.5 

14 

0 

6 

-6 

♦ 

♦ 

8 









10 

0 

* 

* 


* 

* 

0.1 

2 

9 










E 

* 

* 

* 

* 

* 

* 

10 






_ 





* 

* 

* 

* 

* 

* 

11 



1 


i 







* 

* 

* 

* 

* 

12 

Note 3 






i 







* 

* 

50 

50 

13 














* 

* 

* 

14 

Note 3 



i 

i 











2 

2 


This chart gives the range of voltages which can be applied to the terminals listed horizontally 
with respect to the terminals listed vertically. For example, the voltage range of horizontal 
Terminal 6 to vertical Terminal 4 is 2 to —10 volts. 

Note 1 — Resistance should be inserted between Terminal 5 and external supply or line volt- 
age for limiting current into Terminal 5 to less than 50 mA. 

Note 2 — Resistance should be inserted between Terminal 14 and external supply for limiting 
current into Terminal 14 to less than 2 mA. 

Note 3 — For the CA3079 indicated terminal is internally connected and, therefore, should 
not be used. 

A For CA3079 (0 to -10 V). 

*Voltages are not normally applied between these terminals; however, voltages appearing 
between these terminals are safe, if the specified voltage limits between all other terminals 
are not exceeded. 
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AC Input Voltage 
(50/60 or 400 Hz) 

V AC 

Input Series 
Resistor (Rs) 

k a 

Dissipation Rating 
for Rs 

W 

24 

2 

0.5 

120 

10 

2 

208/230 

20 

4 

277 

25 

5 


NOTE: 

Circuitry, within shaded areas, not included in 
CA3079 
■ See chart 

A 1C = Internal Connection - - DO NOT USE 
(Terminal Restriction applies only 
to CA3079). 


Fig. 1 - Functional block diagram of CA3059 and CA3079. 



Fig. 2 - Schematic diagram of CA3059 and CA3079 


ELECTRICAL CHARACTERISTICS (For all types, unless indicated otherwise) 
All voltages are measured with respect to Terminal 7. 


CHARACTERISTIC 

TEST CONDITIONS 

T a = 25°C 

(Unless Indicated Otherwise) 

LIMITS 

UNITS 

Min. | Typ. |Max. 

For Operating at 120 V rms, 50-60 Hz (AC Line Voltage)* 

DC Supply Voltage, Vg 

Inhibit Mode 

At 50/60 Hz 

Rg = 8 k£2, 1 1_ = 0 

6.1 

6.5 

7 

V 

At 400 Hz 

R s = 10kn, l L = 0 

- 

6.8 

- 

V 

At 50/60 Hz 

R s = 5 k£2, l L = 2 mA 

- 

6.4 

- 

V 

Pulse Mode 

At 50/60 Hz 

R s = 8k£2, 1 L = 0 

6 

6.4 

7 

V 

At 400 Hz 

R s = 10kft, l L = 0 

- 

6.7 

- 

V 

At 50/60 Hz 

Rg = 5 kfi, 1 [_ = 2 mA 

- 

6.3 

- 

V 

At 50/60 Hz (CA3058) 

See Fig. 3 

Rg = 8 k£2, 1 (_ — 0 

T A = —55 to +125°C 

5.5 


7.5 

V 
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ELECTRICAL CHARACTERISTICS (For all types, unless indicated otherwise) (Cont'd) 
All voltages are measured with respect to Terminal 7. 


CHARACTERISTIC 

TEST CONDITIONS 

T a = 25°C 

(Unless Indicated Otherwise) 

LIMITS 

UNITS 

Min. | Typ. |Max. 

For Operating at 120 V rms, 50-60 Hz (AC Line Voltage)® 

Gate Trigger Current, l G y^) 
See Figs. 4, 5 (a) 

Terms. 3 and 2 connected, 
V GT =1 V 

- 

105 

- 

mA 

Peak Output Current (Pulsed), 

i om (4) 

With Internal Power Supply 

Term. 3 open, Gate Trigger 
Voltage (V G -p) = 0 

50 

84 

- 

mA 

Terms. 3 and 2 connected, 

Gate Trigger Voltage (V G y)=0 

90 

124 

- 

mA 

With External Power Supply 

See Figs. 5, 6 

Term. 3 open, V + =12 V, V GT =0 

- 

170 

- 

mA 

Terms. 3 and 2 connected, 

V + =12 V, V GT = 0 

- 

240 

- 

mA 

Inhibit Input Ratio, Vg/V2 

See Fig. 7 

Voltage Ratio of Term. 9 to 2 

0.465 

0.485 

0.520 

_ 

Total Gate Pulse Duration:* 

For positive dv/dt, tp 

50-60 Hz 

C EXT = 0 

70 

100 

140 

/is 

400 Hz 

C EXT = °' r EXT = °° 

- 

12 

- 

/is 

For negative dv/dt, t(\j 

50-60 Hz 

C EXT = 0 

70 

100 

140 

[IS 

400 Hz 

See Fig. 8 

C EXT = 0 ' r EXT = °° 


10 


Us 

Pulse Duration After Zero 
Crossing (50-60 Hz): 

For positive dv/dt, tp-j 

C EXT = 0 
r EXT = “ 


50 


/is 

For negative dv/dt, t[\j-j 

See Fig. 8 


60 

" 

IJLS 

Output Leakage Current, I4 
Inhibit Mode: 

See Fig. 9 



0.001 

10 

(“A 

Input Bias Current, 1 1 

CA3059 


_ 

220 

1000 

nA 

CA3079 

See Fig. 10 






Common-Mode Input 

Voltage Range, V CMR 

Terms. 9 and 13 connected 

— 

1.5 to 5 

— 

V 

Sensitivity, AV-jg^ 

(Pulse Mode) 

See Figs. 5 (a), 12 

Term. 12 open 

- 

6 

- 

mV 


^ Required voltage change at Term. 13 to either turn OFF the triac when ON or turn ON the triac when OFF. 

* Pulse duration in 50 Hz applications is approximately 15% longer than shown in Fig. 8(b). 

•The values given in the Electrical Characteristics Chart at 120 V also apply for operation at input voltages of 
208/230 V, and 277 V, except for Pulse Duration. However, the series resistor (RS) must have the indicated value, shown in 
the chart in Fig. 1 , for the specified input voltage. 
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Fig. 



CA3059 and CA3079. 
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EXTERNAL LOAD CURRENT (l L ) - mA 92SS4257 

Fig. 3(c)— DC supply voltage vs. external load 
current for CA3059 and CA3079. 



Fig. 5(a)— Peak output (pulsed) and gate trigger current with 
internal power supply test circuit for CA3059 
and CA3079. 



9ZCS-IB063 

Fig. 3(b)— DC supply voltage vs. ambient temperature 
for CA3059 and CA3079. 



Fig. 4— Gate trigger current i/s. gate trigger 
voltage for CA3059 and CA3079. 
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92CS-I8066 

Fig. 5(b)— Peak output current (pulsed) vs. 

ambient temperature for CA3059 
and CA3079. 


v+ 




Fig. 6(b)— Peak output current (pulsed) vs. 
external power supply voltage 
for CA3059. 
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CA3059, CA3079 



Fig. 6(c) - Peak output current (pulsed) vs ambient 
temperature for CA3059. 



Fig. 8(a) - Gate pulse duration test circuit with associated waveform 
for CA3059 and CA3079. 



Fig. 8(c) - Pulse duration after zero crossing vs external capacitance 
for CA3059 and CA3079. 



Fig. 7(a) - Input inhibit voltage ration test circuit for CA3059 and CA3079. 



Fig. 7(b) - Input inhibit voltage ratio vs ambient temperature for CA3059 
and CA3079. 



Fig. 8(b) - Total gate pulse duration vs external capacitance for CA3059 
and CA3079. 



Fig. 8(d) - Total gate pulse duration vs external resistance for CA3059. 
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CA3059, CA3079 



Fig. 9-Output leakage current (inhibit mode) vs. Fig. 10-Input bias current test circuit for CA3059 

ambient temperature for CA3059and an d CA3079. 

CA3079. 






(c) (d) - 

Fig. 1 1— Relative pulse width and location of zero crossing for 220-volt operation for CA3059 
and CA3079. 



AMBIENT TEMPERATURE (Ta)-*C 

92CS-I8072 

Fig. 12— Sensitivity vs. ambient temperature 
for CA3059 and CA3079. 



AMBIENT TEMPERATURE -°C 


Fig. 1 3— Operating regions for built-in protection 
circuit for CA3059. 
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CA3059, CA3079 


OFF 




R| (MAX VALUE ALLOWABLE) * I Mfl 


Fig. 14— Line-operated one-shot timer. 



Fig. 15— Line-operated thyristor control time 
delay turn-on circuit. 



Fig. 16— On/off temperature control circuit with 
delayed turn-on. 



Fig. 1 7 (a)— Line-operated 1C timer for long time periods. 
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CA3059, CA3079 


SENSOR 

ILLUMINATION 



COUNTER 

RESET 


/TERM. NO.Il\r 
VOF CP4040/| 


' /TERM. NO. 9 \ 
PULSES \OF CA3097E/ 


“CLOCK" /TERM. NO. 9 ^ I PULSE PER/SEC.- 

-a 


COUNTER /TERM. NO. I ^ 
OUTPUT \OF CD4040/ 


[TERM. NO. 6 OF CA3059 
[TERM. NO. 5 OF CA3097E 

(TERM. NO. 4 OF C A3 059 

\ a 

/POWER IN LOAD 


-ft- 

■ib 


"NIGHT" H 

I I 





-tf- 


92CS-267I8 


Fig. 17(b)— Timing diagram for Fig. 17(a). 



Fig. 18(a)— Programmable ultra-accurate line-operated timer. 
(Programmable over the range from 0.5333 
seconds to 2 minutes , 16 seconds in 0.5333- 
second increments) 
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CA3059, CA3079 


Time Periods 
(t = 0.5333 s) 

1 t 

2 1 

4 1 

8 1 

16 t 

32 t 

64 t 

128 t 

t o 

Terminals 










CD4020A 

a 

b 

c 

d 

e 

f 

g 

h 


CD4048A 

A 

B 

C 

D 

E 

F 

G 

H 



C 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

1 t 


NC 

C 

NC 

NC 

NC 

NC 

NC 

NC 

2 t 


C 

C 

NC 

NC 

NC 

NC 

NC 

NC 

3 t 


NC 

NC 

C 

NC 

NC 

NC 

NC 

NC 

4 t 


C 

NC 

C 

NC 

NC 

NC 

NC 

NC 

5 t 


NC 

C 

C 

NC 

NC 

NC 

NC 

NC 

6 t 


C 

C 

C 

NC 

NC 

NC 

NC 

NC 

It 


NC 

NC 

NC 

C 

NC 

NC 

NC 

NC 

8 1 


C 

NC 

NC 

C 

NC 

NC 

NC 

NC 

9 1 


NC 

C 

NC 

C 

NC 

NC 

NC 

NC 

lOt 


C 

C 

NC 

C 

NC 

NC 

NC 

NC 

11 t 


NC 

NC 

C 

C 

NC 

NC 

NC 

NC 

12 t 


C 

NC 

C 

C 

NC 

NC 

NC 

NC 

13 t 


NC 

C 

C 

C 

NC 

NC 

NC 

NC 

14 t 


C 

C 

C 

C 

NC 

NC 

NC 

NC 

15 t 


C 

C 

C 

C 

NC 

C 

C 

NC 

111 t 


NC 

NC 

NC 

NC 

C 

C 

C 

NC 

1 12 t 


C 

NC 

NC 

NC 

c 

C 

C 

NC 

1 13 t 


C 

C 

C 

C 

c 

C 

C 

C 

255 t 


Notes: 

t 0 = Total time delay = n-j t + 112 t + . . . n n t. 

C = Connect. For example, interconnect terminal a of the CD4020A and terminal A 
of the CD4048A. 

NC = No Connection. For example, terminal b of the CD4020A open and terminal B 
of the CD4048A connected to bus. 

Fig. 18(b)— "Programming" table for Fig. 18(a). 



AC 

SUPPLY 

VOLTAGE 


O/WWIAj 


CA3059 
OUTPUT 
(PINS 4 AND 6) 


JLAJUUUUUUU 


CD4048A 

OUTPUT 




92CS-25988 

Fig. 18(c)— Timing diagram for Fig. 18(a). 
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CA3059. CA3079 


OPERATING CONSIDERATIONS 


Power Supply Considerations for CA3059 
and CA3079 

* The CA3059 and CA3079 are intended for 
operation as self-powered circuits with the 
power supplied from an AC line through a 
dropping resistor. The internal supply is 
designed to allow for some current to be 
drawn by the auxiliary power circuits. 
Typical power supply characteristics are 
given in Figs. 3(b) and 3(c). 

Power Supply Considerations for CA3059 
The output current available from the internal 
supply may not be adequate for higher power 
applications. In such applications an external 
power supply with a higher voltage should be 
used with a resulting increase in the output 
level. (See Fig. 5 for the peak output current 
characteristics). When an external power 
supply is used. Terminal 5 should be con- 
nected to Terminal 7 and the synchronizing 
voltage applied to Terminal 12 as illustrated 
in Fig. 5(a). 

Operation of Built-in Protection for the 
CA3059 

A special feature of the CA3059 is the 
inclusion of a protection circuit which, 
when connected, removes power from the 
load if the sensor either shorts or opens. 
The protection circuit is activated by 
connecting Terminal 14 to Terminal 13 as 
shown in Fig. 1. To assure proper operation 
of the protection circuit the following 
conditions should be observed: 

1. Use the internal supply and limit the ex- 
ternal load current to 2 mA with a 5 k!2 
dropping resistor. 


2. Set the value of Rp and sensor resistance 
(Rx) between 2 k£2 and 100 k£2. 

3. The ratio of Rx to Rp, typically, should 
be greater than 0.33 and less than 3. If 
either of these ratios is not met with an 
unmodified sensor over the entire antici- 
pated temperature range, then either a 
series or shunt resistor must be added to 
avoid undesired activation of the circuit. 

If operation of the protection circuit is de- 
sired under conditions other than those 
specified above, then apply the data given 
in Fig. 13. 

External Inhibit Function for the CA3059 

A priority inhibit command may be applied 
to Terminal 1 . The presence of at least +1 .2 V 
at 10 /iA will remove drive from the thyristor. 
This required level is compatible with DTL 
or T^L logic. A logical 1 activates the inhibit 
function. 

DC Gate Current Mode for the CA3059 

Connecting Terminals 7 and 12 disables the 
zero-crossing detector and permits the flow 
of gate current on demand from the differ- 
ential sensing amplifier. This mode of opera- 
tion is useful when comparator operation is 
desired or when inductive loads are switched. 
Care must be exercised to avoid overloading 
the internal power supply when operating 
in this mode. A sensitive gate thyristor 
should be used with a resistor placed between 
Terminal 4 and the gate in order to limit the 
gate current. 

For a list of RCA thyristors, see RCA Thyristor 
Data Bulletin, File No. 406, dated 5-75. 



Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions 
as indicated. Grid gradations are in mils (10~3 inch). 


The photographs and dimensions represent a 
chip when it is part of the wafer. When the wafer 
is cut into chips, the cleavage angles are 57° 
instead of 90° with respect to the face of the chip. 
Therefore, the isolated chip is actually 7 mils 
( 0 . 1 7 mm) larger in both dimensions. 


Dimensions and pad layout for CA3059H and CA3079H. 
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Harris CA3085, CA3085A 

CA3085B 

Positive Voltage Regulators 
August 1991 From 1.7V to 46V at Currents Up to 100mA 


Features 

• Up to 100 mA Output Current 

• Input and Output Short-Circuit Protection 

• Load and Line Regulation 0.025% 

• Pin Compatible with LM100 Series 

• Adjustable Output Voltage 

Applications 

• Shunt Voltage Regulator 

• Current Regulator 

• Switching Voltage Regulator 

• High-Current Voltage Regulator 

• Combination Positive and Negative Voltage Regulator 

• Dual Tracking Regulator 






MAX LOAD 
REGULATION 
% VoUT 


7.5 to 30 

1.8 to 26 

12* 

0.1 

CA3085A 

7.5 to 40 

1.7 to 36 

100 

0.15 

CA3085B 

7.5 to 50 

1.7 to 46 

100 

0.15 


*This value may be extended to 100 mA; however, regulation is not specified 
beyond 12 mA. 


Description 

The CA3085, CA3085A, and CA3085B are silicon monolithic 
integrated circuits designed specifically for service as voltage 
regulators at output voltages ranging from 1.7 to 46 volts at 
currents up to 1 00 milliamperes. 

A block diagram of the CA3085 Series is shown in Fig. 1. The 
diagram shows the connecting terminals that provide access to the 
regulator circuit components. The voltage regulators provide 
important features such as: frequency compensation, short-circuit 
protection, temperature-compensated reference voltage, current lim- 
iting, and booster input. These devices are useful in a wide range of 
applications for regulating high-current, switching, shunt, and posi- 
tive and negative voltages. They are also applicable for current and 
dual-tracking regulation. 

The CA3085A and CA3085B have output current capabilities up to 
100 mA and the CA3085 up to 1 2 mA without the use of external 
pass transistors. However, all the devices can provide voltage 
regulation at load currents greater than 100'mA with the use of 
suitable external pass transistors. The CA3085 Series has an 
unregulated input voltage ranging from 7.5 to 30V (CA3085), 7.5 to 
40V (CA3085A), and 7.5 to 50V (CA3085B) and a minimum 
regulated output voltage of 26V (CA3085), 36V (CA3085A), and 46V 
(CA3085B). 

These types are supplied in the 8 lead TO-5 style package (CA3085, 
CA3085A, CA3085B, and the 8 lead TO-5 with dual-in-line formed 
leads ("DIL-CAN", CA3085S, CA3085AS, CA3085BS). The CA3085 
is also supplied in the 8 lead dual-in-line plastic package (“MINI- 
DIP”, CA3085E), and in chip form (CA3085H). 


Pinouts 


8 LEAD PLASTIC DIP 
TOP VIEW 


out EE 

CURRENT | — 
BOOSTER LL 

v+ in GC 

V- [T 




~8~| CURRENT LIMIT 
T] COMP/INHIBIT 
~6] -IN 
jD V REF 


8 LEAD TO-5 DIL-CAN 
8 LEAD TO-5 STYLE 

LIMIT 



Functional Block Diagram 


COMPENSATION AND 
EXTERNAL INHIBIT 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pj| e Number 491 1 

Copyright © Harris Corporation 1991 
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CA3085, CA3085A, CA3085B 


MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES at T A = 25°C 


POWER DISSIPA TION: WITHOUT HEAT SINK 

up to T A = 55°C 630 mW 

above T A = 55°C derate linearly @6.67 mW/°C 

TEMPERATURE RANGE: 

Operating -55to+125°C 

Storage -65to+150°C 


WITH HEAT SINK (TO-5 ONLY) 


up to Tq = 55°C 1.6 W 

above Tc = 55°C .... derate linearly at 
16.7 mW/°C 


UNREGULATED INPUT VOLTAGE: 


CA3085 30 V 

CA3085A 40 V 

CA3085B 50 V 


LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 t 1/32 inch (1.59 ± 0.79mm) 
from case for 10 seconds max +265°C 


Maximum Voltage Ratings 

The following chart gives the range of voltages which can be applied to the terminals 

listed vertically with respect to the terminals listed horizontally. For example, the 

voltage range between vertical Terminal No. 7 and horizontal Terminal No. 1 is +3 to —10 volts. 


MAXIMUM 

MAXIMUM VOLTAGE RATINGS CURRENT RATINGS 


TERM 

INAL 

No. 

*IN 

mA 

•out 

mA 

fl 

B 


6 

IB 

■EM 

fl 

B 


8 

m 

10 

■ 


150 

2 


60 

3 

150 

60 

4 

- 

- 


TERM- 

INAL 

No. 

5 

6 

7 

8 

1 

2 

3 

4 

‘Voltages are not normally 
applied between these 
terminals; however, voltages 
appearing between theses 
terminals are safe, if the 
specified voltage limits 
between all other terminals 

are not exceeded. 

*30 V for CA3085 

40 V for CA3085A 

50 V for CA3085B 

Bl 

■ 

i 

* 

■ 

D 

■ 

■ 

+ 10 

0 

6 

- 

- 

* 



* 

• 

* 

7 

- 

- 

- 

H 


* 

* 

+t 

0 

8 

- 

- 

- 

- 


* 

• 

* 

1 

- 

- 

- 

- 

i 

El 

H 

+i 

0 

2 

- 

- 

- 

- 

- 

- 

R9 

+-t 

0 

3 

- 

- 

- 

- 

- 

- 

■ 

+ i 

0 

4 

- 

- 

- 

- 

- 

- 

- 

ns 



Fig.2-Schematic diagram of CA3085 Series. 
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CA3085 , CA3085A, CA3085B 


ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

Test 

Circuit 

T a = 25°C 

(Unless indicated otherwise] 

CA3085 

CA3085A 

CA3085B 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Fig. No. 

Reference Voltage 

VREF 

4 

V + |N= 15V 

1.4 

1.6 

1.8 

1.5 

1.6 

1.7 

1.5 

1.6 

1.7 

V 

Quiescent Regulator 
Current 

•quiescent 

4 

V + | N = 30V 

- 

3.3 

4.5 

- 

- 

- 

- 

- 

- 

mA 

V + ,N = 40V 

- 

- 

- 

- 

3.65 

5 

- 

- 

- 

V + |N = 50V 

- 

- 

- 

- 

- 

- 

- 

4.05 

7 

Input Voltage Range 

V | (\j (range) 

- 

- 

7.5 


30 

7.5 

- 

40 

7.5 

- 

.50 

V 

Maximum Output 
Voltage 

Volmax.) 

4 

V + | N = 30,40.50V#; R L = 365 12; 
Term. No. 6 to Gnd. 

26 

27 

- 

36 

37 

- 

46 

47 

- 

V 

Minimum Output 
Voltage 

Vo(min.) 

4 

V + in= 30V 


1.6 

1.8 

- 

1.6 

1.7 

- 

1.6 

1.7 

V 

Input-Output Voltage 
Differential 

vin-vout 

- 

- 

4 

- 

28 

4 

- 

38 

3.5 

- 

48 

V 

Limiting Current 

• lim 

7 

V + | N = 16V. V + 0 UT= 10V 

R SC p* = 612 

- 

96 

120 

- 

96 

120 

- 

96 

120 

mA 

Load Regulation* 

- 

- 

1 l = 1 to 100mA, RSCP = 0 

- 

- 

- 

- 

0.025 

0.15 

- 

0.025 

0.15 

%V 0U T 

- 

lL = 1 to 100mA. RSCP = 0 

T A = 0°C to +70°C 

- 

- 

- 

- 

0.035 

06 

- 

0.035 

0.6 

- 

lL= 1 to 12mA, RSCP = 0 

- 

0 003 

0.1 

- 

- 

- 

- 

" 

- 

Line Regulation* 

- 

- 

lL = 1 mA, RSCP = 0 

- 

0.025 

0.1 

- 

0.025 

0.075 

- 

0.025 

0.04 

%/v 

- 

lL = 1 mA, RscP = 0 

T A = 0°C to +70°C 

- 

0.04 

0 15 

- 

0.04 

0.1 

- 

0.04 

0.08 

Equivalent Noise 
Output Voltage 

VNOISE 

11 

V + |(\| = 25V 

Cref = o 

- 

0.5 

- 

- 

0.5 

- 

- 

0.5 

- 

mV p-p 

CREF = 0.22pF 

- 

0.3 

- 

- 

0.3 

- 

- 

0.3 

- 

Ripple Rejection 

- 

12 

V + |N = 25V 

f = 1kHz 

cref = o 

- 

50 

- 

- 

50 

- 

45 

50 

- 

dB 

cref = 2pF 

- 

56 

- 

- 

56 

- 

50 

56 

- 

Output Resistance 

r o 

12 

V + ||\| = 25 V. f = 1 kHz 

- 

0.075 

1.1 

- 

0.075 

0.3 


0.075 

0.3 

12 

Temperature Coef- 
ficient of Reference 
and Output Voltages 

AVref, 

AV 0 

- 

•L = O. VreF = 1.6V 

- 

0.0035 

- 

- 

0.0035 

- 

- 

0.0035 

- 

%/°C 

Load Transient 
Recovery Time: 

Turn On 

ION 

16 

V + |f\j = 25 V, +50mA Step 


1 

1 

I 


1 



1 



Turn Off 

*OFF 

V + | N = 25V. -50mA Step 

- 

3 

- 

_ 

3 


- 

3 

- 


Line Transient 

Recovery Time: 

Turn On 

tON 


V + | N = 25V. f = 1kHz, 2 V Step 


0.8 



0.8 



0.8 



Turn Off 

tQFF 

- 

- 

0.4 

- 

- 

0.4 


- 

0.4 

- 

ps 


# 30V (CA3085), 40V(CA3085A), 50V(CA3085B) 
RSCP: Short-circuit protection resistance 


• Load Regulation = 


AV OUT 

VQUT^initial) 


X 100% 


A Line Regulation = 


(AV OUT ) 

(V OUT(initial)' (AV IN> 


X 100% 


2 



REGULATION = 0 2 % (LINE AND LOAD) 92CS-I8093 

RIPPLE < 0.5 mV AT FULL LOAD 


Fig.3— Application of the CA3085 Series in a typical power 
supply. 
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CA3085, CA3085A, CA3085B 


TEST CIRCUITS AND TYPICAL CHARACTERISTICS CURVES FOR CA3085 SERIES 



FigA-Test circuit for VreF, / quiescent , VoUT(™ax.), 
V0UT( m in -)• 



R$CP (SHORT-CIRCUIT PROTECTION RESISTANCE) 

92CS-I8097 

Fig. 7— Test circuit for limiting current 



Fig-5— /quiescent vs - V IN- 



92CS-I8098 


Fig-8— I LIM «*• r A- 





























IQUIESCENT vs 



















" " * 





































































_ 








































































, 

























: 










_ 



' 














































































































- 


r 

- 


- 



- 







- 

- 







- 


- 

- 


= 

=1 

1 

_ 

- 

- 



- 

- 







OUJ 

(/)££ 


- 


— 








■ 


■ 

■ 




■ 



: 


■ 

■ 


m 

m 

5 


m 

■ 

■ 



















n 





r 



n 

I 


r 






. 


* 

r 





□ 

i 

























■ 


■ 




“ 



m 




£ 


_ 






_ 

_ 



















■ 

■ 





■ 

■ 

■ 

■ 

■ 

■ 

■ 

p 




■ 

■ 




■ 

■ 

■ 

a 

■ 

■ 


















■ 

■ 





■ 

■ 

■ 

■ 

■ 

p 


a 

a 

a 


■ 

■ 

■ 



■ 

■ 

■ 

■ 

■ 

■ 



















■ 

■ 







■ 

■ 

K 

a 

■ 

■ 



























S° 



















r_ 




■ 

■ 

■ 



■ 

■ 























: 








z 

z 

_ 





































_ 










_ 


_ 





_ 

_ 




_ 

















_l_l 






■ 

■ 





r. 

■ 

■ 

a 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 


■ 

■ 

■ 

■ 

■ 

■ 













<3 









- 

















■ 




















sp 









a 



■ 

■ 








_ 

























g^0.9 









■ 



■ 

■ 













... 
















_ 





_ 







Z 

















■ 




























7 




_ 







■ 

■ 



■ 

■ 

■ 

■ 






















: 





r 

S 

■ 










■ 

■ 






■ 

















J 









■ 

’A 


■ 




■ 




■ 

p 


































fi 

■ 

a 

■ 

■ 

■ 

■ 

■ 

■ 

a 

■ 

■ 

■ 

a 

■ 

■ 

■ 

■ 

■ 

■ 

■ 


■ 

!■ 

■ 

■ 

■ 

■ 

























, 







a 







■ 







































a 







■ 





























■ 

■ 


■ 

■ 

■ 

a 











:■ 




















0.8 









■ 

■ 





a 

■ 























































_ 




. 

_ 

_ 






_ 



_ 

I 

I 

I 

_ 



-55 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T A )— °C 

92CS-I8096 


Fig. 6— Normalized / quiescent vs - T A- 


1 

.3 0 

i 

z 

o 

EETn 

~ou 

£ AK 

PUT VOLT 
TPUT V0 
BIENT TE 

S (V+| N ). 
LTS lV+o 
.MPERATl 

15 

ut)*io 

RE (T A ) 

sEgg 

HEfrtrn 

25°C : f[ff 

] 

■ 

ii 

Ttkilrt: 

HE 


2: R SCP * 


ili 

m 

Hbu&i 

mm 

i 

TA* 

sA 





::;r 



■■■■•■■■■a ■>■ 

S 

E:3H§i 


22*:^ 



■■■■•■■in ■■■ 

aaa 

■■■■«■■■■■ aaa 

< al 

3 

isn 

BSsSi 

1S1 

mm 

xrs::ss::;: 

liliii 

■ MMM1IB ■■■ 

o 

LU 

(E 


i8Bgj 

111 


sHiiiiiii 

SSiSSe 

aaaaaaaaaaa aaa 
aaaaaaaaaa aaa 
■aaaaaaaaa aaa 

O -0.2 
«* 

SSS2 


gill 

ijlfi 

iisHSiliil: 

Hi::: 

aaaaaaaaaa aaa 
aaaaaaaaaa aaa 
aaaaaaaaaa aaa 

o 

k:h 

limiss 

Snsn 




aaaaaaaaaa aaa 
aaaaaaaaaaa aaa 

-0.3 

Hi 

SSSSSSS2SS 

ml m 

sp! 


| ijiilliii 


■RBiHBMBflfl aaa 

aaaaaaaaaa aaa 
aaaaaaaaaa aaa 
aaaaaaaaaa aaa 
aaaaaaaaaa aaa 
BBaasaaaaa aaa 



S5555ISS1 


ffloe: 



aaaaaaaaaa aaa 

-0.4 


SSSSSSSSm 


§Hsk::: 

lliiil 

:::::: 

■■■■■■■■aa aaa 

aaaaaaaaaa aaa 

C 


20 

40 

60 

80 

100 



LOAD CURRENT (I L )— mA 

92CS-I73SI 

Fig.9—Load regulation characteristics. 


2-42 



CA3085, CA3085A, CA3085B 


TEST CIRCUITS AND TYPICAL CHARACTERISTICS CURVES FOR CA3085 SERIES 




Fig. 10— Line regulation temperature characteristics. Fig. 1 1— Test circuit for noise voltage. 



& YELLOW 

92CS-I9000 


Fig. 12— Test circuit for ripple rejection and output resistance. 


TEST PROCEDURES FOR TEST CIRCUIT FOR 
RIPPLE REJECTION AND OUTPUT RESISTANCE 
Output Resistance 

Conditions: 

1. V !N = +25V,C REF = O. Short Ei 

2. Set E$2 a t 1 kHz so that E 2 = 4 V rms 

3. Read Vqut on 3 ^TVM, such as a Hewlett-Packard, 

HP400D or equivalent 

4. Calculate RquT from R OUT = v OUT ( ( R l^ e 2 ) 

Ripple Rejection — I 

Conditions: 

1. V|pj = +25V, Cp E p = O, Short E2 

2. Set Esi at 1 kHz so that Ei = 3V rms 

3. Read VquT ° n 3 VTVM, such as a Hewlett-Packard, HP400D 
or equivalent 

4. Calculate Ripple Reaction from 20 log (Ei/Vout) 

Ripple Rejection - II 

Conditions' 

1. Repeat Ripple Rejection I with C RE p =2 nF 


2 



Fig. 13-r 0 vs. f. 
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CA3085, CA3085A, CA3085B 



Fig. 16— Turn-on and turn-off recovery time test circuit with 
associated waveforms . 




CA3085, CA3085A, CA3085B 


TYPICAL REGULATOR CIRCUITS USING THE CA3085 SERIES 



Fig . 18— Typical high-current voltage regulator circuit. 



M 


R i 


2A 

ANY NP-N SILICON TRANSISTOR 
THAT CAN HANDLE A 2A 
LOAD CURRENT SUCH AS 
RCA-2N3772 OR EQUIVALENT 


Fig. 19— Typical current regulator circuit. 



Q3 ANY N P-N SILICON TRANSISTOR THAT CAN PROTECTION RESISTANCE 


HANDLE THE DESIRED LOAD CURRENT 
(RCA-2N3772 OR EQUIVALENT) 



Q1 RCA-2N5322 OR EQUIVALENT 
*R1 = 0.7 l L (MAX.) 


Fig.21 -Combination positive and negative voltage regulator 
circuit. 


2 


Fig.20— Typical switching regulator circuit. 
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© HARRIS HV250 


PRELIMINARY Half Bridge 

May 1991 Complementary MOSFET Driver 


Features 

• Bipolar or Unipolar Supply Operation 

• Wide Supply Range ±40V to +450V, -100V 

• Complete MOSFET Protection 

• High Output to Logic Supply Isolation 

• High Peak Output Current 2A 

• Fast Switching Times 100ns 

• Frequency Range DC -30kHz 

Applications 

• High Switchmode Power Supplies 

• PWM Servo Drives 

• Stepper Motor Drives 

• DC-DC Converters 

• Uninterruptible Power Supplies 


Ordering Information 


PART 

TEMPERATURE 


NUMBER 

RANGE 

DESCRIPTION 

HV250CP 

0°C <T A < +75°C 

16 Pin Plastic DIP 

HV250IP 

-40°C < T A < +85°C 

16 Pin Plastic DIP 

HV250MJ* 

-550C <T a <+12500 

16 Pin Ceramic DIP 


Description 

The HV250 is a monolithic dielectrically isolated high volt- 
age integrated circuit. The circuit provides an interface from 
digital signals to the gates of complementary power 
MOSFETs. The circuit has wide supply voltage range, from 
80VDC to 450VDC in unipolar connection or ±40VDC to 
+450VDC and -100VDC. In addition the logic supply can 
float within the high voltage rails. 

The inputs are TTL compatible when the logic supply is 5 V, 
but will operate up to 15V logic supply. 

The outputs provide up to 2A current spikes to drive the 
gates of power MOSFETs. The actual voltage that the gates 
are driven to is set by the user, up to 20V for Vq§- 

Also on board the chip is an overcurrent sense circuit, 
which independently sense overcurrent on the high side 
and the low side. An overcurrent condition sets a latch that 
disables both outputs. In order to enable the output the 
reset input must be toggled. 


Pinout 

HV250CP (16 PIN PLASTIC DIP) 
TOP VIEW 



Functional Diagram 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjjg Number 2846 

Copyright © Harris Corporation 1991 * Offered at a later date. 
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Specifications HV250 


Absolute Maximum Ratings 


Voltage Between +Vg and -Vs 500V 

Voltage Between +V| and -V| 30V 

Voltage Between -Vs and -V| 250V 

Peak Output Current 2A 

Logic Input Voltage +V|_ 

Over Current Sense to I Vs I 7V 

Fault Output Current 1mA 


Operating Temperature Range 

HV250CP 0°C<Ta.<+75°C 

HV250IP -40°C < T A < +85°C 

HV250MJ* -550C < T a < +1 25°C 

Storage Temperature Range -65°C <T A <+150°C 

Maximum Junction Temperature +175°C 

* Offered at a Later Date 


Electrical Specifications V cc = +40V, V EE = -40V, Cl = 10nF, V L = 5V Unless Otherwise specified 


PARAMETER 

TEMP 

HV250CP, HV250IP 

UNITS 

MIN 

TYP 

MAX 

INPUT CHARACTERISTICS 

Input Voltage, High (V|h) 

■ ■ 

2.4 

- 

- 

V 

Input Voltage, Low (V|[_) 


- 

- 

0.8 

V 

Input Current (I|h) 


- 

- 

300 

mA 


■ 1 

- 

- 

300 

mA 

Input Current, Low (l|i_) 

+250C 

-150 

- 

- 

fiA 


Full 

-150 

- 

- 

HA 

Overcurrent Input Threshold 

+25°C 

80 

100 

120 

mV 


Full 

75 

100 

125 

mV 

TRANSFER CHARACTERISTICS 

Turn-On Delay (Tdi,Td3) 

+250C 

- 

MSI 

1 

MS 


Full 

- 

1 1 

1 

ps 

Turn-On Delay Skew Obi, T q 3) 


- 

I 

- 

ns 



- 

IB 

- 

ns 

Turn-Off Delay (TD2> T D4) 


- 

_ 

1 

MS 



- 

- 

1 

MS 

Turn-Off Delay Skew O’ D2* T D4) 

+250C 

- 

±100 

- 

ns 


Full 

- 

±100 

- 

ns 

Current Limit Sense to Output Turn-Off Delay 

+250C 

- 

500 

- 

ns 


Full 

- 

500 

- 

ns 

Current Limit Sense to Fault Output Turn-Off Delay 

+250C 

50 

- 

150 

ns 


Full 

50 

- 

150 

ns 

Reset Delay OD6) 

+250C 

- 

500 

- 

ns 


Full 

- 

500 


ns 

OUTPUT CHARACTERISTICS 

Output Rise Time 


- 

100 

150 

ns 

Output Fall Time 

■ ■ 

- 

100 

150 

ns 

OUT1 Voltage (High) 

■2 Mi 

+Vs -0.2 

- 

- 

V 

OUT1 Voltage (Low) 

Full 

- 

- 

+Vg -1 9 

V 

OUT2 Voltage (High) 

Full 

-Vg+19 

- 

- 

V 

OUT2 Voltage (Low) 

Full 

- 

- 

-Vg +0.2 

V 

Fault Output (Vqh) 

Full 

4.5 

- 

- 

V 

Fault Output (Vql) 

Full 

- 

- 

0.8 

V 

POWER SUPPLY 

be 

BB 

- 

- 

200 

MA 

>EE 


- 


200 

mA 

lL 

B 

- 

- 

4 

mA 
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HV250 


Parameter Definitions (Refer to Switching Waveforms) 


SYMBOL 

DEFINITIONS 

T D 2 

Delay time as measured from the logic input high to low transition (1 to 0) at the 1 0% point, to the 1 0% point of the 
output transition for the high side switch. 

Tdi 

Delay time as measured from the logic input low to high transition (0 to 1 ) at the 1 0% point, to the 1 0% point of the 
output transition for the high side switch. 

TD4 

Same as Tqo- 1 for the low side switch. 

TD3 

Same as Tqi -i for the low side switch. 

Tri 

Output rise time from the 1 0% - 90% points for the high side switch. 

TR2 

Output rise time from the 1 0% - 90% points for the low side switch. 

Tfi 

Output fall time from the 1 0% - 90% points for the high side switch. 

TF2 

Output fall time from the 1 0% - 90% points for the low side switch. 

TD5 

Delay time as measured from the overcurrent input 1 0% point to the fault output high to low transition at the 1 0% 
point. 

TD6 

Delay time as measured from the reset input 1 0% point to the fault output low to high transition at the 90% point. 

TD7 

Delay time as measured from the overcurrent 1 input 1 0% point to output 1 low to high transition at the 90% point. 

TD8 

Delay time as measured from the overcurrent 2 input 1 0% point to output 2 high to low transition at the 10% point. 


Switching Time Test Circuits 




FIGURE 1. INVERTING DRIVE SWITCHING TIME (HIGH SIDE) 




FIGURE 2. NON-INVERTING DRIVER SWITCHING TIME 
(LOW SIDE) 





























HV250 


Overcurrent Test Waveforms 


OVERCURRENT TEST CIRCUIT 



OVERCURRENT 

INPUT 200m V 
(1 OR 2) 1( 


OUT2 - Vq4- 20 


FAULT 

OUTPUT 




2-49 


PROCESSI 

IRCUITS 







HV255 


PRELIMINARY 

May 1991 


Half Bridge 
Complementary MOSFET Driver 


Features 

• Bipolar or Unipolar Supply Operation 

• Wide Supply Range ±40Vto±225V 

• Complete MOSFET Protection 

• High Output to Logic Supply Isolation 

• High Peak Output Current 2A 

• Fast Switching Times 100ns 

• Frequency Range 1 0kHz to 1 00kHz 

Applications 

• High Switchmode Power Supplies 

• PWM Servo Drives 

• Stepper Motor Drives 

• DC-DC Converters 

• Uninterruptible Power Supplies 

Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

DESCRIPTION 

HV255CP 

0°C < T A < +75°C 

16 Pin Plastic DIP 

HV255IP 

-40°C<T A <+85°C 

16 Pin Plastic DIP 

HV255MJ* 

-550C<T a <+12500 

16 Pin Ceramic DIP 


Description 

The HV255 is a monolithic dielectrically isolated high volt- 
age integrated circuit. The circuit provides an interface from 
digital signals to the gates of complementary power 
MOSFETs or IGBTs. The circuit has wide supply voltage 
range, from 80VDC to 450VDC in unipolar connection or 
±40VDC to +225VDG. In addition the logic supply can float 
within the high voltage rails. 

The inputs are TTL compatible when the logic supply is 5V, 
but will operate up to 1 5V logic supply. 

The outputs provide up to 2A current spikes to drive the 
gates of power MOSFETs or IGBTs. The actual voltage that 
the gates are driven to is set by the user, up to 20V for Vqs- 

Also on board the chip is an overcurrent sense circuit, 
which independently sense overcurrent on the high side 
and the low side. An overcurrent condition sets a latch that 
disables both outputs. In order to enable the output the 
reset input must be toggled. 


Pinout 


HV255CP (16 PIN PLASTIC DIP) 
TOP VIEW 




CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 * Offered at a later date. 


File Number 2847 
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Specifications HV255 


Absolute Maximum Ratings 


Voltage Between +Vg and -Vg 500V 

Voltage Between +V| and -V| 30V 

Voltage Between -Vg and -V| 250V 

Peak Output Current 2A 

Logic Input Voltage +V[_ 

Over Current Sense to I Vg I 7V 

Fault Output Current 1mA 


Operating Temperature Range 

HV255CP 0°C <Ta < +75°C 

HV255IP -40°C < Ta < +850C 

HV255MJ* -55°C < Ta < +1 25°C 

Storage Temperature Range -65°C < Ta < +1 50°C 

Maximum Junction Temperature +1 75°C 

* Offered at a Later Date 


Electrical Specifications Vgc - +40V, Vee = -40V, Cl = 10nF, Vl = 5V Unless Otherwise specified 


PARAMETER 

TEMP 

HV255CP, HV255IP 

UNITS 

MIN 

TYP 

MAX 

INPUT CHARACTERISTICS 

Input Voltage, High (V|h) 


2.4 

■ 

- 


Input Voltage, Low (V||_) 


- 


0.8 


Input Current (I|h) 


- 


300 




- 


300 


Input Current, Low (Ijl) 

. 

150 

1 

- 



Full 

150 

- 

- 

fiA 

Overcurrent Input Threshold 

+25°C 

80 

100 

120 

mV 


Full 

75 

100 

125 

mV 

TRANSFER CHARACTERISTICS 

Turn-On Delay (Tdi,Td 3 ) 

+25°C 


- 

1 

lis 


Full 

■■ 

- 

1 

MS 

Turn-On Delay Skew (Tdi,Td 3 > 

+25°C 


±300 

- 

ns 


Full 

■ 

±300 

- 

ns 

Turn-Off Delay (Td 2 » Tq4) 

+25°C 


- 

1 

MS 


Full 

■■ 

- 

1 

MS 

Turn-Off Delay Skew (Td2* t D4) 

+25°C 


±100 

- 

ns 


Full 

1 

±100 

- 

ns 

Current Limit Sense to Output Turn-Off Delay 

+25°C 


500 

- 

ns 


Full 

1 

500 

- 

ns 

Current Limit Sense to Fault Output Turn-Off Delay 

+25°C 

mm 

- 

150 

ns 


Full 

1 

- 

150 

ns 

Reset Delay (Td6) 

+25°C 

1 

500 

- 

ns 


Full 


500 

- 

ns 

OUTPUT CHARACTERISTICS 

Output Rise Time 

Full 

- 


150 

ns 

Output Fall Time 

Full 

- 

' . ■; . 

150 

ns 

OUT1 Voltage (High) 

Full 

+Vg -0.2 

- 

- 

V 

OUT1 Voltage (Low) 

Full 


- 

+Vg-19 

V 

OUT2 Voltage (High) 

Full 

-Vg+19 

- 

- 

V 

OUT2 Voltage (Low) 

Full 

- 

- 

-Vg +0.2 

V 

Fault Output (Vqh) 

Full 

4.5 

- 

- 

V 

Fault Output (Vql) 

Full 

- 

- 

0.8 



V 

POWER SUPPLY 

•cc 

Full 

■ 



MA 

lEE 

Full 




mA 

'L 

Full 


■bHBI 


mA 
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HV255 


Parameter Definitions (Refer to Switching Waveforms) 


SYMBOL 

DEFINITIONS 

TD2 

Delay time as measured from the logic input high to low transition (1 to 0) at the 1 0% point, to the 1 0% point of the 
output transition for the high side switch. 

t D i 

Delay time as measured from the logic input low to high transition (0 to 1 ) at the 1 0% point, to the 1 0% point of the 
output transition for the high side switch. 

TD4 

Same as Tdo- 1 f° r the low side switch. 

TD3 

Same as Tpi -1 for the low side switch. 

t R1 

Output rise time from the 1 0% - 90% points for the high side switch. 

t R2 

Output rise time from the 1 0% - 90% points for the low side switch. 

Tfi 

Output fall time from the 1 0% - 90% points for the high side switch. 

T F 2 

Output fall time from the 1 0% - 90% points for the low side switch. 

TD5 

Delay time as measured from the overcurrent input 1 0% point to the fault output high to low transition at the 1 0% 
point. 

t D6 

Delay time as measured from the reset input 1 0% point to the fault output low to high transition at the 90% point. 

t D7 

Delay time as measured from the overcurrent 1 input 1 0% point to output 1 low to high transition at the 90% point. 

t D8 

Delay time as measured from the overcurrent 2 input 1 0% point to output 2 high to low transition at the 1 0% point. 


Switching Time Test Circuits 




FIGURE 1. INVERTING DRIVE SWITCHING TIME (HIGH SIDE) 




FIGURE 2. NON-INVERTING DRIVER SWITCHING TIME 
(LOW SIDE) 
































HV255 


Overcurrent Test Waveforms 


OVERCURRENT TEST CIRCUIT 



OVERCURRENT 

INPUT 200mV 
(1 OR 2) 1C 


OUT2 -Vo+20 
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HV350 


PRELIMINARY 

May 1991 


Half Bridge 
N-Channel MOSFET Driver 


Features 

• Unipolar Supply Operation 

• Wide Supply Range +40V to +450V 

• Complete MOSFET Protection 

• High Output to Logic Supply Isolation 

• High Peak Output Current 2A 

• Fast Switching Times 100ns 

• Frequency Range DC -30kHz 

Applications 

• Switchmode Power Supplies 

• PWM Servo Drives 

• Stepper Motor Drives 

• DC-DC Converters 

• Uninterruptible Power Supplies 

Ordering Information 


PART 

TEMPERATURE 


NUMBER 

RANGE 

DESCRIPTION 

HV350CP 

0°C<T A <+75°C 

16 Pin Plastic DIP 

HV350IP 

-40°C < T a < +85°C 

16 Pin Plastic DIP 

HV350MJ* 

-55°C < T a < +1 25°C 

1 6 Pin Ceramic DIP 


Description 

The HV350 is a monolithic dielectrically isolated high volt- 
age integrated circuit. The circuit provides an interface from 
digital signals to the gates of totem pole power MOSFETs 
or IGBTs. The circuit has wide supply voltage range, from 
40VDC to 450VDC. Imaddition the logic supply can float 
within the high voltage rails. 

The inputs are TTL compatible when the logic supply is 5V, 
but will operate up to 1 5V logic supply. 

The outputs provide up to 2A current spikes to drive the 
gates of power MOSFETs or IGBTs. The actual voltage that 
the gates are driven to is set by the user, up to 20V for Vqs- 

Also on board the chip is an overcurrent sense circuit, 
which independently sense overcurrent' on the high side 
and the low side. An overcurrent condition sets a latch that 
disables both outputs. In order to enable the output the 
reset input must be toggled. An oscillator and charge pump 
current are integrated for high side operation. 


Pinout 


HV350CP (16 PIN PLASTIC DIP) 
TOP VIEW 



Functional Diagram 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 * Offered at a later date. 
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Specifications HV350 


Absolute Maximum Ratings 


Voltage Between +Vs and -Vs 500V 

Voltage Between +V| and -V| 30V 

Voltage Between -Vg and -V| OV 

Peak Output Current 2A 

Logic Input Voltage +V E 

Over Current Sense to I Vs I 7 V 

Fault Output Current 1mA 


Operating Temperature Range 

HV350CP 0°C < T/\ < +75°C 

HV350IP -40°C < T A < +85°C 

HV350MJ* -55°C <T A < +1 25°C 

Storage Temperature Range -65°C <T A < +150°C 

Maximum Junction Temperature +1 75°C 

* Offered at a Later Date 


Electrical Specifications V C C = +40V, V EE = GND, Cl = 10nF, V L = 5V Unless Otherwise specified 


PARAMETER 

TEMP 

HV350CP, HV350IP 

UNITS 

MIN 

TYP 

MAX 

INPUT CHARACTERISTICS 

Input Voltage, High (Vm) 

Full 

2.4 

| 

- 

V 

Input Voltage, Low (V| E ) 

Full 

- 


0.8 

V 

Input Current (I|h) 

+25°C 

- 

| 

300 

PA 


Full 

- 


300 

M A 

Input Current, Low (l| E ) 

+25°C 

-150 


- 

pA 


Full 

-150 

| 

- 

PA 

Overcurrent Input Threshold 

+25°C 

80 

■ 

120 

mV 


Full 

75 

MEM 

125 

mV 

TRANSFER CHARACTERISTICS 

Turn-On Delay (Tdi»Td 3 ) 


- 

- 

1 

ps 



- 

- 

1 

ps 

Turn-On Delay Skew(TDi,TQ 3 ) 

+25°C 

- 

±300 

- 

ns 


Full 

- 

±300 

- 

ns 

Turn-Off Delay (Tq 2 »Td 4 ) 

+2 50C 

- 

- 

1 

ps 


Full 

" 

- 

1 

ps 

Turn-Off Delay Skew (Tq 2 » Tq 4 ) 

+250C 

- 

±100 

- 

ns 


Full 

- 

±100 

- 

ns 

Current Limit Sense to Output Turn-Off Delay 

+25°C 

- 

500 

- 

ns 


Full 

- 

500 

- 

ns 

Current Limit Sense to Fault Output T urn-Off Delay 

+250C 

50 

- 

150 

ns 


Full 

50 

- 

150 

ns 

Reset Delay (Tpe) 

+25°C 

- 

O 

- 

ns 


Full 

- 

MEM 

" 

ns 

OUTPUT CHARACTERISTICS 

Output Rise Time 


- 

100 

mm 

ns 

Output Fall Time 

■SI 

- 

100 

■91 

ns 

OUT1 Voltage (High) 

■ 1 

+V S +19 

- 

- 

V 

OUT1 Voltage (Low) 

IBM 

- 

- 

0.5 

V 

OUT2 Voltage (High) 

Full 

19 

- 

- 

V 

OUT2 Voltage (Low) 

Full 

- 

- 

0.5 

V 

Fault Output (Vqh) 

Full 

4.5 

- 

- 

V 

Fault Output (Vql) 

Full 

- 

- 

0.8 

V 

POWER SUPPLY 

*cc 

MM 

- 

- 

2 

mA 

•EE 

u 

- 

- 

2 

mA 

'L 

Full 

- 

- 

4 

mA 


2 
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HV350 


Parameter Definitions (Refer to Switching Waveforms) 


SYMBOL 

DEFINITIONS 

TD2 

Delay time as measured from the logic input high to low transition (1 to 0) at the 1 0% point, to the 1 0% point of the 
output transition for the high side switch. 

t D i 

Delay time as measured from the logic input low to high transition (0 to 1 ) at the 1 0% point, to the 1 0% point of the 
output transition for the high side switch. 

t D4 

Same as Tdo- 1 f° r the ,ow side switch. 

t D3 

Same as Tpi -1 for the low side switch. 

t R1 

Output rise time from the 1 0% - 90% points for the high side switch. 

Tr2 

Output rise time from the 1 0% - 90% points for the low side switch. 

Tfi 

Output fall time from the 1 0% - 90% points for the high side switch. 

TF2 

Output fall time from the 1 0% - 90% points for the low side switch. 

t D5 

Delay time as measured from the overcurrent input 10% point to the fault output high to low transition at the 10% 
point. 

Td6 

Delay time as measured from the reset input 1 0% point to the fault output low to high transition at the 90% point. 

t D7 

Delay time as measured from the overcurrent 1 input 10% point to output 1 low to high transition at the 90% point. 

t D8 

Delay time as measured from the overcurrent 2 input 10% point to output 2 high to low transition at the 10% point. 


Switching Time Test Circuits 





FIGURE 1. INVERTING DRIVE SWITCHING TIME (HIGH SIDE) FIGURE 2. NON-INVERTING DRIVER SWITCHING TIME 

(LOW SIDE) 






























HV350 


Overcurrent Test Waveforms 


OVERCURRENT TEST CIRCUIT 

Vcc 



OVERCURRENT 
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HV355 


PRELIMINARY Half Bridge 

May 1991 N-Channel MOSFET Driver 


Features 

• Unipolar Supply Operation 

• Wide Supply Range +40Vto+450V 

• Complete MOSFET Protection 

• High Output to Logic Supply Isolation 

• High Peak Output Current 2A 

• Fast Switching Times 100ns 

• Frequency Range 10kHz to 100kHz 

Applications 

• Switchmode Power Supplies 

• PWM Servo Drives 

• Stepper Motor Drives 

• DC-DC Converters 

• Uninterruptible Power Supplies 


Ordering Information 


PART 

TEMPERATURE 


NUMBER 

RANGE 

DESCRIPTION 

HV355CP 

0°C<T a <+75(>C 

16 Pin Plastic DIP 

HV355IP 

-40°G < T A < +85°C 

16 Pin Plastic DIP 

HV355MJ* 

-550C <T A <+12500 

16 Pin Ceramic DIP 


Description 

The HV355 is a monolithic dielectrically isolated high volt- 
age integrated circuit. The circuit provides an interface from 
digital signals to the gates of totem pole power MOSFETs 
or IGBTs. The circuit has wide supply voltage range, from 
40VDC to 450VDC. In addition the logic supply can float 
within the high voltage rails. 

The inputs are TTL compatible when the logic supply is 5V, 
but will operate up to 1 5V logic supply. 

The outputs provide up to 2A current spikes to drive the 
gates of power MOSFETs or IGBTs. The actual voltage that 
the gates are driven to is set by the user, up to 20V for Vqs- 

Also on board the chip is an overcurrent sense circuit, 
which independently sense overcurrent on the high side 
and the low side. An overcurrent condition sets a latch that 
disables both outputs. In order to enable the output the 
reset input must be toggled. An oscillator and charge pump 
current are integrated for high side operation. 


Pinout 

HV355CP (16 PIN PLASTIC DIP) 
TOP VIEW 



Functional Diagram 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 * Offered at a later date. 
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Specifications HV355 


Absolute Maximum Ratings 


Voltage Between +Vq and -Vs 500V 

Voltage Between +V| and -V| 30V 

Voltage Between -Vg and -V| 0V 

Peak Output Current 2A 

Logic Input Voltage +V| 

Over Current Sense to I Vs I 7V 

Fault Output Current 1mA 


Operating Temperature Range 

HV355CP 0°C < T A < +75°C 

HV355IP -40°C < T A < +85°C 

HV355MJ* -55°C < T A < +1 25°C 

Storage Temperature Range -65°C < T A < +1 50°C 

Maximum Junction Temperature +175°C 

* Offered at a Later Date 


Electrical Specifications Vcc = +40V, V EE = GND ( Cl = 10 nF, V L = 5V Unless Otherwise specified 


PARAMETER 

TEMP 

HV355CP, HV355IP 

UNITS 

MIN 

TYP 

MAX 

INPUT CHARACTERISTICS 

Input Voltage, High (V|n) 

Full 

2.4 

- 

- 

V 

Input Voltage, Low (V| E ) 

Full 

- 

- 

0.8 

V 

Input Current (l||-|) 

+25°C 

- 

- 

300 

mA 


Full 

- 

- 

300 

jiA 

Input Current, Low (l||_) 

+250C 

-150 

- 

- 

jiA 


Full 

-150 

- 

- 

jiA 

Overcurrent Input Threshold 

+250C 

80 

100 

120 

mV 


Full 

75 

100 

125 

mV 

TRANSFER CHARACTERISTICS 

Turn-On Delay (Tdi , Tq 3 ) 

+250C 

- 

- 

1 

MS 


Full 

- 

- 

1 

MS 

Turn-On Delay Skew (Tpi , T 03 ) 

+250C 

- 

±300 

- 

ns 


Full 

- 

±300 

- 

ns 

Turn-Off Delay (Td2» t D4) 

+25<>C 

- 

- 

1 

MS 


Full 

- 

- 

1 

MS 

Turn-Off Delay Skew (T[) 2 > ^D4) 

+250C 

- 

±100 


ns 


Full 

- 

±100 


ns 

Current Limit Sense to Output Turn-Off Delay 

+250C 

- 

500 

- 

ns 


Full 

- 

500 

- 

ns 

Current Limit Sense to Fault Output Turn-Off Delay 

+250C 

50 

- 

150 

ns 


Full 

50 

- 

150 

ns 

Reset Delay (Tqq) 

+250C 

- 

500 

_ 

ns 


Full 

- 

500 

- 

ns 

OUTPUT CHARACTERISTICS 

Output Rise Time 

Full 

- 

100 

150 

ns 

Output Fall Time 

Full 

- 

100 

150 

ns 

OUT1 Voltage (High) 

Full 

+V S +19 

- 

- 

V 

OUT1 Voltage (Low) 

Full 

- 

- 

0.5 

V 

OUT2 Voltage (High) 

Full 

19 

- 

- 

V 

OUT2 Voltage (Low) 

Full 


- 

0.5 

V 

Fault Output (V OH ) 

Full 

4.5 

- 

- 

V 

Fault Output (Vql) 

Full 


- 

0.8 

V 

POWER SUPPLY 

•cc 

Full 

- 

- 

200 

MA 

>EE 

Full 

- 

- 

200 

mA 

'L 

Full 

" 

“ 

4 

mA 


2-59 


POWER PROCESSING 
CIRCUITS 











HV355 


Parameter Definitions (Refer to Switching Waveforms) 


SYMBOL 

DEFINITIONS 

T D2 

Delay time as measured from the logic input high to low transition (1 to 0) at the 10% point, to the 10% point of the 
output transition for the high side switch. 

tdi 

Delay time as measured from the logic input low to high transition (0 to 1 ) at the 1 0% point, to the 1 0% point of the 
output transition for the high side switch. 

t D4 

Same as Tpo-I for the low side switch. 

t D3 

Same as Tqi - i for the low side switch. 

t R1 

Output rise time from the 1 0% - 90% points for the high side switch. 

TR2 

Output rise time from the 1 0% - 90% points for the low side switch. 

Tfi 

Output fall time from the 1 0% - 90% points for the high side switch. 

TF2 

Output fall time from the 1 0% - 90% points for the low side switch. 

t D5 

Delay time as measured from the overcurrent input 1 0% point to the fault output high to low transition at the 1 0% 
point 

TD6 

Delay time as measured from the reset input 1 0% point to the fault output low to high transition at the 90% point. 

t D7 

Delay time as measured from the overcurrent 1 input 1 0% point to output 1 low to high transition at the 90% point. 

t D8 

Delay time as measured from the overcurrent 2 input 1 0% point to output 2 high to low transition at the 10% point. 


Switching Time Test Circuits 





FIGURE 2. NON-INVERTING DRIVER SWITCHING TIME 
(LOW SIDE) 


FIGURE 1. INVERTING DRIVE SWITCHING TIME (HIGH SIDE) 































HV355 


Overcurrent Test Waveforms 


OVERCURRENT TEST CIRCUIT 

VCC 



OVERCURRENT 







PRELIMINARY 

May 1991 


Features 

• Fast Fall Times 22ns (10,000pF) 

• No Supply Current in Quiescent State 

• Peak Output Source Current 6A 

• Peak Output Sink Current 30A 

• High Frequency Capability 300kHz 


Applications 

• Switching Power Supplies 

• DC/DC Converters 

• Motor Controllers 

• Uninterruptible Power Supplies 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HV400CP 

0°Cto+75°C 

8 Pin Plastic Mini-DIP 

HV400CB 

0°C to +75°C 

8 Pin Plastic SOIC 

HV400IP 

-40°C to +85°C 

8 Pin Plastic Mini-DIP 

HV400IB 

-40°C to +85°C 

8 Pin Plastic SOIC 


High Speed MOSFET Driver 


Description 

The HV400 is a single monolithic, non-inverting high speed 
driver designed to drive large capacitive loads at high slew 
rates. The device is optimized for capacitive loads in the 
5,000pF to 1 00,000pF range. It featues an output stage ca- 
pable of sourcing up to 6A through the high-side NPN 
switch and sinking up to 30A through the low-side SCR 
switch. Rise and fail times of 70ns and 30ns respectively 
are achieved driving a 20,000pF load. The output high and 
low side switches are pinned out separately allowing inde- 
pendent control of power MOSFET gate rise and fall times. 

Special features are included in the device to provide a 
simple, high speed gate drive circuit for power MOSFET in 
application using pulse transformers. An optional on-chip 
diode works with an external storage capacitor to store 
energy from the pulse transformer after the gate drive pulse 
has completed its low to high transition. The storage capaci- 
tor supplies the gate drive current to turn on the MOSFET 
wich overcomes the di/dt limitations of the pulse transform- 
er. The high current drive capability of the HV400 using the 
floating supply provides a cost effective improvement over 
existing methods. 

Another feature of the HV400 is the absence of quiescent 
current. When used with PWM control ICs, additional low 
voltage supply current to power the MOSFET driver during 
startup, is not needed. 

The device is fabricated in the High Frequency Bipolar Dl 
process which provides latchproof operation in the 
presence of transients on the power and signal lines. It is 
available in the 8 pin Plastic DIP and 8 pin SOIC 
(Commercial and Industrial grades). 


Pinout 

HV400CP (PLASTIC DIP) 
HV400CB (SOIC) 
TOP VIEW 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications HV400 


Absolute Maximum Ratings Operating Temperature Range 

Voltage Between V+ and GND Terminals 30V HV400CP/CB 0°C <T A < +70°C 

Input Voltage (Max) +V+ IV HV400IP/IB -40°C < T A < +85°C 

Input Voltage (Min) GND -IV Storage Temperature Range -65°C <T A < +150°C 

Max Clamp Current (Pin 7) TBD 

Peak Output Source Current 6A 

Peak Output Sink Current 30A 

Power Dissipation atT A = +25°C 1 .2W Mini-DIP 

Derate Above 650C 1 5mW/°C Mini-DIP 


Electrical Specifications (Static) Test Conditions: +V = +20V at +250C 





| MINIMUM REQUIREMENT 

SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

V| H 

Input Voltage, High 

V OUT = OV . l0UT H, = 1mA 

1.5 

1.9 


VlL 

Input Voltage, Low 

VquT = 1 8V, loUT LO = -3mA 

16.8 

17.1 

mm 

l|H 

Input Current, High (Pin 2) 

V||\i = +20V, loUT HI = OniA 

11 

14.2 

17 



IquT HI = 1 50mA 

11.25 

14.7 

18 

IlL 

Input Current, Low (Pin 2) 

V| N = 0V 

0 

0.7 

1.0 

v OH 

Output Voltage, High 

Vjn = +V, lQUT = ‘l 5 0 mA 

16.7 

16.9 

17.1 

v OL 

Output Voltage, Low 

V|N = 0V, IOUT = -150mA 

0.8 

0.88 

1.0 

v F 

Clamp Diode Forward Voltage 

Iq = 100mA 

0.9 

1.02 

1.1 

'r 

Reverse Leakage Current 

V R = 20V 

- 

0.1 

1.0 

lOL 

Off Leakage Current (Pin 8) 

V O UT = 0V, V iN = 0V 

0 

10 

50 


UNITS 

V 

1 


I 

mA 

1 

mA 

1 




Electrical Specifications (Dynamic) Test conditions: +v = 20 v f Cl = ionF 


PARAMETER 

TEST CONDITIONS 

Delay, Input to Output 

Figure 1 

Delay, Input to Output 

Figure 1 

Output Rise Time 

Figure 1 

Output Fall Time 

Figure 1 

Output, Recovery Time 

Figure 1 

Clamp Diode, Recovery Time 



MINIMUM REQUIREMENT 


TYP MAX 


10 


10 


66 


22 


1000 1200 
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HV-1205 


UL RECOGNIZED 

August 1991 Single Chip Power Supply 


Description 


Features 

• Direct AC to DC Conversion 


• Wide Input Voltage Range 18Vrms-132Vrms 

• Multiple Output Voltages 

• Guaranteed Output Current 50mA 

• Output Voltage 5V to 24V 

• Line and Load Regulation <2% 


• UL Recognition, File # El 30808 

Applications 

• Compact, Low Cost, Power Supply for Non-Isolated 
Applications 

• Appliance Control 

• Battery Back-Up Systems 

• Dual Output Supply for OFF-LINE Motor Controls 


The HV-1 205 is a single chip power supply that can supply 
5 V to 24V at 50mA output current. Just a few inexpensive 
external components are needed to provide a compact, 
light weight, cost effective power supply. The HV-1205 
replaces a transformer, rectifier, and voltage regulator. This 
chip is made in the new Harris High Voltage Dielectric 
Isolation Process. This high breakdown process (400V) 
allows a patented switching circuit to draw current from the 
AC line only as necessary to supply the load. The HV-1205 
operates from -40°C to +85°C (with no derating necessary 
due to package power dissipation). The HV-1205 is 
available in an 8 Pin Plastic Mini-DIP. 


CAUTION: This Product Does Not Provide Isolation 
From the AC Line 



Pinout Functional Diagram 

HV3-1205 (PLASTIC MINI-DIP) 

TOP VIEW 



CAUTION: This Product Does Not Provide Isolation From the AC Line pj|g Number 2854 

Copyright © Harris Corporation 1 991 
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Specifications HV- 1205 



Absolute Maximum Ratings 


Operating Temperature Range 


Voltage Between Pin 1 and 8, Continuous Vrms 132Vrms HV3-1 205-9 -40°Cto+85°C 

Voltage Between Pin 1 and 8, Peak 400V HV3-1 205-5 0°C to +75°C 

Voltage Between Pin 2 and 6 15V Storage Temperature Range -65°C to +1 75°C 

Input Current, Peak 1.1 A Thermal Constants (°C/W) 0j a 0j c 

Output Current Short Circuit Protected Plastic DIP 82 16 

Output Voltage 30V 

Maximum Junction Temperature +1 50°C 


Electrical Specifications Unless Otherwise Specified: V|N =1 20Vrms at 60Hz, Cl = 0.05pF, C2 = 470pF, C3 = 150pF, 
Vqut = 5V, IOUT = 50mA, Source Impedance, R^ = 1 50ft. Parameters are Guaranteed at the Specific 
V||\j and Frequency Conditions, Unless Otherwise Specified. See Functional Diagrams for Component 
Location. 


HV-1 205-9 
-40OC to +85°C 


HV-1 205-5 
0°C to +75°C 


PARAMETER 

V|N 

TEMP 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

120V 

+25°C 

4.75 

5.0 

5.25 

4.75 


5.25 

V 

(At Preset 5V) 

120V 

Full 

4.65 

5.0 

5.35 

4.65 

El 

5.35 

V 


Output Voltage TC 


Output Ripple (Vp-p) 
(C4 = 1nF,f = 60Hz) 


Line Regulation 


Load Regulation 
(•OUT = 5mA to 50mA) 


Output Current 


Short Circuit Current Limit 


Drop-Out Voltage 


Quiescent Current 
Post Regulator 



Equivalent Circuit For 
Output Voltage Adjustment 


C5 10U.F 

IF— 

r SENSE( r 2) 


(SENSE) PIN 5 < 


R 2 = Vqut “5V Where R 2 is the Approximate Value of Resistor 
Between Pin 5 and Pin 6 (in KO), Vqut is t he 
Tesired Output Voltage. See Graph. 


• PIN 6 (V OUT ) 


r SENSE ,s zero ohms FOR ^OUT 
FIGURE 1. 
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HV- 1205 


Schematic 
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Application Information 

How The HV-1205 Works 

The HV-1205 converts AC voltage into regulated DC volt- 
age to power low voltage components such as integrated 
circuits. This is accomplished in two stages on the mono- 
lithic chip. First, the pre-regulator momentarily connects a 
large capacitor to the AC high line until it charges to about 
6V above the selected output voltage. The pre-regulator 
then switches to a blocking mode and stays in that blocking 
mode until the next line cycle begins. The large capacitor 
supplies power to the series pass regulator, providing DC 
current to power the user’s circuit. Providing current to the 
post regulator causes the large cap to discharge at a rate 
dependent on load current. Each line cycle refreshes the 
charge on the electrolytic capacitor. For a detailed explana- 
tion of HV-1205 operation see Application Note 558. 

Input Voltage 

The HV-1 205 operates over a wide range of input voltages. 
Most applications will use the 1 20Vrms line from the power 
grid. A standard circuit for this application is shown in Fig- 
ure 2. Much smaller input voltages can be used. The size of 
the external components used will be determined by the 
output voltage and current required and the input voltage 
available. Several graphs have been provided to help 
choose component values for a specific application. The 
section below called Component Selection discusses 
trade-offs related to component sizing. 

Input Frequency 

The HV-1 205 is designed to operate from 48Hz to 380Hz. 
Higher operating frequency in possible. Keep in mind that 
the HV-1 205 will refresh C2 once per line cycle. 

Setting Output Voltage 

The HV-1205 can be set to provide a regulated output volt- 
age anywhere from 5V to 24 Vdc- Refer to Figures 4, 5 and 
6 for several ways of adjusting output voltage. Any time an 
output voltage greater than 5V is chosen, a IOjjF capacitor 
between the output and the sense pin is required. That 
capacitor allows C2 to charge gradually. 

As seen in Figure 1 , output voltage is set by feedback to the 
sense pin. The output will rise to the voltage necessary to 
keep the sense pin at 5 V. For a 5 V output , pins 5 and 6 are 
shorted together. There are three ways to increase the out- 
put voltage beyond 5V. The simplest method is to increase 
the feedback resistor by adding an external resistor 
between pins 5 and 6. The disadvantage is that the internal 
circuit resistors have a tolerance of approximately ±15% 
which limits the accuracy of the predicted output (see 
graph). The internal thin film resistors have low temperature 
coefficients. 

An external voltage divider as shown in Figure 5 improves 
the accuracy as long as the external resistors are much low- 
er in value than those of the internal divider. Approximately 
1mA flows into pin 5. If a potentiometer is used as the 
divider, an additional resistor between the lower leg and 
ground will insure that the output never exceeds its maxi- 
mum rated voltage. 


Littlefuse 225.250® is a Registered Trademark of Tracor, Inc. 


A zener diode between pins 5 and 6, as shown in Figure 6, 
sets the output voltage above 5V by the zener’s breakdown 
voltage at 1 mA. This voltage has the accuracy and tolerance 
of the zener. An added advantage is that two outputs are 
now available, pin 5 at 5 V and pin 6 at Vz + 5V. All the cur- 
rent from the 5 V supply flows through the reference diode. 
The sum of both output currents should not exceed 50mA. 

Output Current 

Any current draw up to 50mA continuous is acceptable. 
More current can be drawn momentarily. Care should be 
taken to make sure C2 is not discharged below the dropout 
voltage and that the duty cycle of the excess current is low 
enough to not cause a package power dissipation problem. 
The output is current limited as shown in the graph to 
protect against shorted loads. 

Component Selection 

One of the most powerful features of the HV-1205 is its 
flexibility. One standard configuration allows enormous 
variation in input voltage and output current while still 
maintaining a regulated output. For example, with R-| = 
150H, C2 = 470|iF and VoUT = 5V, the HV-1205 will 
provide a regulated 50mA output when input voltage is 
anywhere from 1 32Vy\c down to about 28 Vac- The design- 
er can choose components tailored to his application in 
order to save cost, space, power dissipation etc. 

Below is a list of external components, description of their 
purpose, and a recommended value. This is a full list of 
possible components all of which may not be required for 
an intended application. Most designs will use a subset of 
this list. 

FI: Fuse. Opens the connections to the power line 

should chip fail. Recommended value = 1/4A, 2AG 
similar to Littlefuse 225.250®. 

Rf- Source Resistance. Limits current into HV-1205. 
Needs to be large enough to limit inrush current 
when C2 is discharged fully. Vpeak/ r 1 - 1-1 A 
Maximum. R-j will dissipate power as shown in the 
graphs. The equation for Pd in Ri is: 

Pd = 1.33 a/ttRi Vpeak(^OUT)^- Low average 
output currents would allow for source resistors with 
lower Pd ratings. Similarly, lower Vac or smaller 
value Ri will cause less dissipation in R-j. Sizing of 
Ri should be tailored to the intended application 
keeping in mind not to let the maximum inrush 
current be exceeded. Should an external method of 
limiting inrush current be used (such as NTC resis- 
tors) then the value of R-j and its associated heat 
could be reduced. Recommended value = 1 50H. To 
reduce Pd see App. Note AN9107. 

Cl : Snubber Capacitor. R-j and Cl form a low pass filter 

thereby limiting the rate of voltage rise at the input of 
the HV-1 205. Recommended value - 0.05jjF, AC 
rated. 

MOV: Surge suppressor. Metal Oxide Varistor clamps volt- 
age to a level that the HV-1205 can handle. 
Recommended value = V130LA20 or equivalent. 
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Application Information (Continued) 

C2: Pre-Regulator capacitor. This capacitor is charged 

once each line cycle. The post-regulator portion of 
HV-1205 is powered by C2 for most of the line 
cycle. Normally the smallest C2 that will supply the 
load current (see graph) is used. Using a large C2 
will supply temporary high load currents or normal 
load current during a short power loss. Using a 
larger C2 will reduce ripple at Pin 2, the input to the 
post regulator, which will reduce output ripple. C2 
should have a ripple current rating consistent with 
the application. Small capacitors with high ESR may 
not store enough charge to maintain load current. 
See graph. Recommended value = 470 |jF, voltage 
rating should be about 10V greater than chosen 
VOUT- 

C3: Inhibit capacitor. Keeps the HV-1205 from turning 

on during input transients. If sized too large, 


HV-1205 will never turn on. If sized too small, no 
protection from transients is offered. For 60Hz 
(or 50Hz) use the recommended value of 150pF, 
voltage rating should be at about 10V greater than 
VoUT- For 400Hz use 47pF. 

C4: Output filter capacitor. At least 1 jaF is required to 

maintain stability of the output stage. Larger values 
will not reduce ripple but will reduce spiking which 
may occur on the output coincident with the 
HV-1205 going into blocking mode. lOOpF reduces 
the spike amplitude to about 25mVp-p. 

R2: Feedback component. A resistor or diode that 

causes a voltage drop between the SENSE and 
OUTPUT pins and thereby adjusting the output volt- 
age. See voltage adjustment equivalent circuit. Also 
see graph for approximate resistor value. 


R 1 

2 2 



FIGURE 2. HV-1205 STANDARD +5V APPLICATION 


VQUT ADJUSTMENT 


FIGURE 4 

FIGURE 5 

FIGURE 6 

METHOD 

METHOD 

METHOD 

r 2 

v 0 
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v 0 
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IV 
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3V 

8V 
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5V 
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7K 

12V 
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7V 
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9K 

14V 
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14V 
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1 1 K 

16V 
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15.8V 
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15K 

20V 
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*V Z @ 1 mA 
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HV-1205 


HV- 1205 Waveforms Unless Otherwise Specified: Ta = +25°C, Vac = 120Vrms, f = 60Hz, 

R-| = 1500, Cl = 0.05pF, C2 = 470jjF, C3 = 150pF, C4 = 1/jF, VquT = 5V 


Top Trace: Regulated SVquT 
Middle Trace: Input Voltage at Pin 8, AC HIGH (lOOV/Div) 
Bottom Trace: Current into Pin 8, (0.5A/Div) 


Top Trace: Pre-Regulator Capacitor Voltage, C2 (5V/Div) @ 
Approximately 11VDC 

Middle Trace: Input Voltage at Pin 8, AC HIGH (lOOV/Div) 
Bottom Trace: Inhibit Capacitor Voltage (5V/Div) 
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OUTPUT RIPPLE VOLTAGE (mVp-p) QUIESCENT CURRENT (mA) O POWER DISSIPATION (mW) 


HV-1205 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, Vac = 120Vrms, f = 60Hz, 

Ri = 1500, Cl = 0.05 pF, C2 = 470pF, C3 = 150pF, C4 = IpF, V 0 UT = 5V 


CHIP POWER DISSIPATION vs. OUTPUT CURRENT DROPOUT VOLTAGE vs. TEMPERATURE 

S' 



OUTPUT CURRENT (mA) TEMPERATURE (° C) 


UIESCENT CURRENT vs. OUTPUT VOLTAGE @ = +25QC 
IquT = 5mA to 50mA 



OUTPUT RIPPLE VOLTAGE vs. OUTPUT VOLTAGE 
I OUT = 50mA 



0 l l l l l — l — I — i — i — i — i — i — i — i — i — ■ — 

5 10 15 20 

VOUT (V) 


OUTPUT RIPPLE VOLTAGE vs. TEMPERATURE 
C4 = IpF 


1 



I 


0 4 1 1 1 1 1 1 1 1 1 1 1 1 1 

-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 

TEMPERATURE (OC) 


OUTPUT RIPPLE VOLTAGE vs. LOAD CAPACITANCE AND 
OUTPUT CURRENT 



C4 OUTPUT FILTER CAPACITANCE ( jj. F) 
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HV-1205 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, Vac = 120Vrms, f = 60Hz, 

Rl = 150a Cl = 0.05 pF, C2 = 470pF, C3 = 150pF, C4 = 1 juF, V 0 UT = 5V 


OUTPUT RIPPLE VOLTAGE vs. C2 SIZE 
•out = 50mA, VquT = 5V 



C2 SIZE (ji. F) 


NORMALIZED QUIESCENT CURRENT vs. TEMPERATURE 
Actual Quiescent Current at +25°C: VquT = 24V: 3.42mA 
v OUT= 5V: 0.41mA 



OUTPUT CURRENT LIMIT (5V 0UT ) 

50mA is the Maximum Specified Output Current 



V 0 UT vs. r 2 with TOLERANCES 

Internal Resistors 15% High or Low 



R 2 (kA) 


OUTPUT CURRENT LIMIT (24V OUT ) 

50mA is the Maximum Specified Output Current 




10 30 50 70 90 110 130 

Vrms (V) 
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UL RECOGNIZED 

August 1991 

Features 

• Direct AC to DC Conversion 


• Wide Input Voltage Range 18Vrms-264Vrms 

• Multiple Output Voltages 

• Guaranteed Output Current 50mA* 

• Output Voltage 5V to 24V 

• Line and Load Regulation <2% 


• UL Recognition, File # El 30808 

Applications 

• Compact, Low Cost, Power Supply for Non-lsolated 
Applications 

• Appliance Control 

• Battery Back-Up Systems 

• Dual Output Supply for OFF-LINE Motor Controls 

• Housekeeping Supply for Switch-Mode Power 
Supplies 

Ordering Information 


PART NUMBER 

OPERATING 

TEMPERATURE 

RANGE 

PACKAGE 

DESCRIPTION 

HV3-2405E-5 

0°Cto +75°C 

8 Lead Plastic Mini-DIP 

HV3-2405E-9 

-40°C to +85°C 

8 Lead Plastic Mini-DIP 


CAUTION: This Product Does Not Provide Isolation 
From the AC Line 

*See App Note AN9101 for 250mA output. 


HV-2405E 

World-Wide 
Single Chip Power Supply 

Description 

The HV-2405E is a single chip power supply that can 
supply 5 V to 24V at 50mA output current Just a few 
inexpensive external components are needed to provide a 
compact, light weight, cost effective power supply. The 
HV-2405E replaces a transformer, rectifier, and voltage 
regulator. This chip is made in the new Harris High Voltage 
Dielectric Isolation Process. This high breakdown process 
(500V) allows a patented switching circuit to draw current 
from the AC line only as necessary to supply the load. 

The wide input voltage range makes the HV-2405E an 
excellent choice for use in equipment which must operate 
from either 240V or 120V. Unlike competitive AC-DC 
convertors, the HV-2405E can use the same external 
components for operation from either voltage. In addition 
the HV-2405E can be connected across any two phases of 
a 3-phase system (208Vrms)*. This great flexibility in input 
voltage allows a single design for worldwide use. 

The HV-2405E is pin for pin compatible with the HV-1205 
but allows twice the input voltage. Additionally, the output 
and sense pins are connected through a zener diode to limit 
output voltage should the sense pin to output connection 
become open. 

Further flexibility can be obtained from the HV-2405E by 
using it with other Harris chips. For example, the high 
efficiency ICL-7660S and ICL-7662 provide positive to 
negative voltage conversion. For automatic switch-over to 
battery back-up use the ICL 7673. Harris also offers a line 
of extremely low power op amps. 

* CAUTION: When used in this mode, GND and AC 
RETURN operate at high voltage with 
respect to earth ground. 


Pinout I Functional Diagram 


HV3-2405E (PLASTIC MINI-DIP) 



CAUTION: This Product Does Not Provide Isolation From the AC Line 
Copyright © Harris Corporation 1991 
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Specifications HV-2405E 


Absolute Maximum Ratings 

Voltage Between Pin 1 and 8, Continuous Vrms 264Vrms 


Voltage Between Pin 1 and 8, Peak 500V 

Voltage Between Pin 2 and 6 10V 

Input Current, Peak 2.5A 

Output Current Short Circuit Protected 

Output Voltage 30 V 

Maximum Junction Temperature +1 50°C 


Operating Temperature Range 


HV3-2405E-9 -40OCto+85°C 

HV3-2405E-5 0°Cto+75OC 

Storage Temperature Range -650Cto+175°C 

Thermal Constants (°C/W) 0j a 0j c 

Plastic DIP 82 16 


Electrical Specifications Unless Otherwise Specified: V IN = 264Vrms at 50Hz, Cl = 0.05pF, C2 = 470pF, C3 = 150pF, 
Vqut = 5V » *OUT = 50mA, Source Impedance, R-| = 1 500. Parameters are Guaranteed at the Specific 
V|N and Frequency Conditions, Unless Otherwise Specified. See Functional Diagrams for Component 
Location. 


PARAMETER 

V|N 

TEMP 

HV-2405E-9 
-40°C to +85°C 

HV-2405E-5 

0°C to +75°C 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Output Voltage 
(At Preset 5V) 

264V 

+25°C 

4.75 

5.0 

5.25 

4.75 

5.0 

5.25 

V 

264V 

Full 

4.65 

5.0 

5.35 

4.65 

5.0 

5.35 

V 

Output Voltage TC 

264V 

Full 

- 

0.02 

- 

- 

0.02 

- 

%/°c 

Output Ripple (Vp-p) 

(C4 = 1 jiF, f = 50Hz) 

264V 

+25°C 

- 

22 

- 

- 

22 

- 

mV 

264V 

Full 

- 

24 

- 

- 

24 

- 


Line Regulation 

80Vrms to 
264Vrms 

+250C 

- 

10 

15 

- 

10 

20 

mV 

Full 

- 

15 

30 

- 

15 

40 

mV 

Load Regulation 
(lOUT = 5mA to 50mA) 

264V 

+250C 

- 

- 

15 

- 

- 

20 

mV 

264V 

Full 

- 

- 

30 

- 

- 

40 

mV 

Output Current 

264V 

Full 

0 

- 

50 

0 

- 

50 

mA 

Short Circuit Current Limit 

264V 

Full 

55 

95 

- 

55 

95 

- 

mA 

Drop-Out Voltage 

Pin 2 - Pin 6 

+25°C 

- 

2.2 

- 

- 

2.2 

- 

V 

Quiescent Current 

Post Regulator 

HVocto 30 Vdc 

On Pin 2 

+250C 

■ 

2 

■ 

■ 

2 

Hi 

mA 


Equivalent Circuit For 
Output Voltage Adjustment 


r 2 = v OUT -5V Where R 2 is the Approximate Value of Resistor 
Between Pin 5 and Pin 6 (in KO), Vout is the 
Desired Output Voltage. See Graph. 


R SENSE ( r 2> 



FIGURE 1. 
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Application Information 


How The HV-2405E Works 

The HV-2405E converts AC voltage into regulated DC volt- 
age to power low voltage components such as integrated 
circuits. This is accomplished in two stages on the mono- 
lithic chip. First, the pre-regulator momentarily connects a 
large capacitor to the AC high line until it charges to about 
6V above the selected output voltage. The pre-regulator 
then switches to a blocking mode and stays in that blocking 
mode until the next line cycle begins. The large capacitor 
supplies power to the series pass regulator, providing DC 
current to power the user’s circuit. Providing current to the 
post regulator causes the large cap to discharge at a rate 
dependent on load current. Each line cycle refreshes the 
charge on the electrolytic capacitor. 

Input Voltage 

The HV-2405E operates over a wide range of input volt- 
ages. Most applications will use the 240Vrms or 1 20Vrms 
line from the power grid. A standard circuit for this applica- 
tion is shown in Figure 2. Much smaller input voltages can 
be used. The size of the external components used will be 
determined by the output voltage and current required and 
the input voltage available. Several graphs have been pro- 
vided to help choose component values for a specific appli- 
cation. The section below called Component Selection 
discusses trade-offs related to component sizing. 

Input Frequency 

The HV-2405E is designed to operate from 48Hz to 380Hz. 
Higher operating frequency is possible. Keep in mind that 
the HV-2405E will refresh C2 once per line cycle. 

Setting Output Voltage 

The HV-2405E can be set to provide a regulated output 
voltage anywhere from 5 V to 24 Vqq. Refer to Figures 4, 5 
and 6 for several ways of adjusting output voltage. 

As seen in Figure 1 , output voltage is set by feedback to the 
sense pin. The output will rise to the voltage necessary to 
keep the sense pin at 5V. For a 5 V output , pins 5 and 6 are 
shorted together. There are three ways to increase the out- 
put voltage beyond 5V. The simplest method is to increase 
the feedback resistor by adding an external resistor 
between pins 5 and 6. The disadvantage is that the internal 
circuit resistors have a tolerance of approximately ±15% 
which limits the accuracy of the predicted output (see 
graph). The internal thin film resistors have low temperature 
coefficients. 

An external voltage divider as shown in Figure 5 improves 
the accuracy as long as the external resistors are much low- 
er in value than those of the internal divider. Approximately 
1 mA flows into pin 5. 

A zener diode between pins 5 and 6, as shown in Figure 6, 
sets the output voltage above 5 V by the zener’s breakdown 
voltage at 1 mA. This voltage has the accuracy and tolerance 
of the zener. An added advantage is that two outputs are 
now available, pin 5 at 5 V and pin 6 at Vz + 5 V. All the cur- 
rent from the 5V supply flows through the reference diode. 
The sum of both output currents should not exceed 50mA. 


The HV-2405E has an internal zener diode to clamp 
the output above the 24V maximum but below a damaging 
level. 

Output Current 

Any current draw up to 50mA continuous is acceptable. 
More current can be drawn momentarily. Care should be 
taken to make sure C2 is not discharged below the dropout 
voltage and that the duty cycle of the excess current is low 
enough to not cause a package power dissipation problem. 
The output is current limited as shown in the graph to pro- 
tect against shorted loads. 

Component Selection 

One of the most powerful features of the HV-2405E is its 
flexibility. One standard configuration allows enormous 
variation in input voltage and output current while still main- 
taining a regulated output. For example, with Ri = 150fl, 
C2 = 470 |jF and VoUT = 5V, the HV-2405E will provide a 
regulated 50mA output when input voltage is anywhere 
from 264 Vaq down to about 28 Va& The designer can 
choose components tailored to his application in order to 
save cost, space, power dissipation etc. 

Below is a list of external components, description of their 
purpose, and a recommended value. This is a full list of pos- 
sible components all of which may not be required for an in- 
tended application. Most designs will use a subset of this 
list. 

FI: Fuse. Opens the connections to the power line 

should chip or C2 fail. Recommended value = 1/2A, 
2AG similar to Littlefuse 225.500®. 

Ri: Source Resistance. Limits current into HV-2405E. 

Needs to be large enough to limit inrush current 
when C2 is discharged fully. Vpeak/ r 1 = 2.5A 
Maximum. R*| will dissipate power as shown in the 
graphs. The equation for Pd in R-| is: 

Pd = 1.33 v/nRi VpEAK(IOUT) 3 - 
Low average output currents would allow for source 
resistors with lower Pd ratings. Similarly, lower Vac 
or smaller value R i will cause less dissipation in R i . 
Sizing of Ri should be tailored to the intended appli- 
cation keeping in mind not to let the maximum in- 
rush current be exceeded. Should an external meth- 
od of limiting inrush current be used (such as NTC 
resistors) then the value of Ri and its associated 
heat could be reduced. Recommended value = 
150TX. To reduce Pd see App Note AN9107. 

Cl : Snubber Capacitor. Ri and Cl form a low pass filter 

thereby limiting the rate of voltage rise at the input of 
the HV-2405E. Recommended value = 0.05pF, AC 
rated. 

MOV: Surge suppressor. Metal Oxide Varistor clamps volt- 
age to a level that the HV-2405E can handle. 
Recommended value = V130LA20 or equivalent for 
120V applications and gas tube which arcs over at 
less than 500V for 240V applicatons. 


Littlefuse 225.500® is a Registered Trademark of Tracor, Inc. 



2-79 


POWER PROCESSING 
CIRCUITS 





HV-2405E 


Application Information (Continued) 

C2: Pre-Regulator capacitor. This capacitor is charged 

once each line cycle. The post-regulator portion of 
HV-2405E is powered by C2 for most of the line 
cycle. Normally the smallest C2 that will supply the 
load current (see graph) is used. Using a large C2 
will supply temporary high load currents or normal 
load current during a short power loss. Using a 
larger C2 will reduce ripple at Pin 2, the input to the 
post regulator, which will reduce output ripple. C2 
should have a ripple current rating consistent with 
the application. Small capacitors with high ESR may 
not store enough charge to maintain load current. 
See graph. Recommended value = 470}iF, voltage 
rating should be about 10V greater than chosen 
VOUT- 

C3: Inhibit capacitor. Keeps the HV-2405E from turning 

on during input transients. If sized too large, 
HV-2405E will never turn on. If sized too small, no 


protection from transients is offered. For 50Hz 
or 60Hz use the recommended value of 1 50pF, volt- 
age rating should be at about 10V greater than 
VOUT- 

Output filter capacitor. At least 1 fiF is required to 
maintain stability of the output stage. Larger values 
will not reduce ripple but will reduce spiking which 
may occur on the output coincident with the 
HV-2405E going into blocking mode. 

Feedback component. A resistor or zener diode that 
causes a voltage drop between the SENSE and 
OUTPUT pins and thereby adjusting the output volt- 
age. See voltage adjustment equivalent circuit. Also 
see graph for approximate resistor value. About 
1 mA flows through this component. 


FIGURE 4 
METHOD 


VquT ADJUSTMENT 

FIGURE 5 
METHOD 




HiiaEaii 


FIGURE 2. HV-2405E STANDARD +5V APPLICATION 


FIGURE 6 
METHOD 
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FIGURE 3. VQUT = + 5V 


FIGURE 4. Vqut > +5V 


FIGURE 5. VQUT > +5V 


FIGURE 6. Vqut = +5V, 
+5 +V Z 
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Application Information (Continued) 


OPERATION WITH V 0 UT > 5V 



OPERATION FROM A BRIDGE RECTIFIER* 



240 VAC 


SURGE PROTECTION USING GAS TUBE 
R1 R1 



USING SWITCH TO TURN OFF OUTPUT 
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HV-2405E Waveforms Unless Otherwise Specified: Ta = +25°C, Vac = 240Vrms, f = 50Hz, 

R-l = 1 50fi, Cl = 0.05jnF, C2 = 470pF, C3 = 150pF, C4 = 1 piF, 

VoUT = 5 V @ 50mA, 5ms/div 

Top Trace: Input Voltage at Pin 8, AC High (200V/Div) 

Top Trace: Input Voltage at Pin 8, AC High (200V/Div) Bottom Trace: Pre-Regulator Capacitor Voltage, C2 (5V/Div) 

Bottom Trace: Current into Pin 8, (0.5A/Div) @ Approximately 10V DC 



Top Trace: Input Voltage at Pin 8, AC High (200V/Div) 

Bottom Trace: Ripple or Switch Spike on Regulator 5V DC Output (50mV/Div) 
This is Worst Case Ripple due to Worst Case Operating Conditions 
(High Line Voltage, Minimum R1 Value, Maximum Iqut) 
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MAXIMUM OUTPUT CURRENT (mA) 


HV-2405E 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, Vac - 240Vrms, f = 50Hz, 

R-| = 150ft, Cl = 0.05 |jF, C2 = 470jjF, C3 = 150pF, C4 = 1 pF, VquT = 5V 


MAXIMUM OUTPUT CURRENT FOR 5 V REGULATED 
OUTPUT vs. INPUT VOLTAGE AND PRE-REGULATOR 
CAPACITOR SIZE (C2) 

Ri = 240 


MAXIMUM OUTPUT CURRENT FOR 24V REGULATED 
OUTPUT vs. INPUT VOLTAGE AND PRE-REGULATOR 
CAPACITOR SIZE (C2) 

R! = 240 
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OUTPUT VOLTAGE (V) 


HV-2405E 


Typical Performance Curves Unless Otherwise Specified: Ta = +25QC, Vac = 240Vrms, f = 50Hz, 

R-j = 150ft, Cl = 0.05pF, C2 = 470pF, C3 = 150pF, C4 = IpF, VquT = 5V 

OUTPUT CURRENT LIMIT (24Vqut) v OUT vs. r 2 with TOLERANCES 

50mA is the Maximum Specified Output Current Internal Resistors 15% High or Low 



MINIMUM RECOMMENDED R-| FOR NOMINAL INPUT VOLTAGE 



CREATING SYNTHESIZED ± SUPPLIES USING FALSE GROUND 



(ACTUALLY AT AC RETURN POTENTIAL) 

NOTES: 

1. RA, RB voltage divider sets voltage of false ground anywhere between VOUT of HV-2405E and ground. 

2. RA and RB should be large values (e.g. 470K) 

3. Circuits powered with this method must ALL be referred to “False Gnd’' 

4. Op amp must be able to source/sink load current 

5. Example: RA = 470K, RB = 470K, VOUT set to 24 V. +VSUPPLY would be ~ +1 2 V 

-VSUPPLY would be ~ - 12 V 
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HV-2405E Parallel Operation (Method #i) 


HV -2405E#1 


1 

8 

2 

7 

3 

6 

4 

5 



AC 

RETURN 


NOTE: Operational Amplifier Causes Each HV-2405E to 
Contribute Equally to Output Current. 


HV-2405E Parallel Operation (Method #2) 


1 C4 HV -2405E#2 
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23 HARRIS ICL644/645/646/647 

ICL7644/7645/7646/7647 

July 1991 Low Voltage Step-Up Converters 


Features 

• +5V @ 40mA from a Single Cell Battery. Note: Output 
Current can be Increased by Changing L2 (See Table 1) 

• Guaranteed Start-up @1.1 5V 

Typ 0.9V 

• Standby Mode 80pA Quiescent Current 

• Low Battery Indication 

• Power Ready Function 

• Shutdown Feature on 

, 764X Series 5 jjA Max Quiescent 

• Pin to Pin Compatible to MAX65X Series 

• Efficiency 75% @ 1.2V Input 

Applications 

• Battery Powered Devices 

• Single Cell Instruments 

• Solar Powered Systems 

• Pagers and Radio Controlled Receivers 

• Portable Instruments 

• 4-20mA Loop Powered Instruments 


Pinouts 

ICL644, ICL645 & ICL647 ICL646 

ICL7644, ICL7645 & ICL7647 ICL7646 

TOP VIEW TOP VIEW 



* Pin 8 Used On 764X Series Only. 


Description 

The ICL644, ICL645 and ICL646 are low power fixed +5V 
output step-up DC-DC converters designed for operation 
from very low input voltages. All control functions and a 
power FET are contained in the ICL644, ICL645 and 
ICL647, minimizing external components. The ICL646 
contains an output pin to drive an external FET when higher 
output currents are required. A control pin changes be- 
tween high power and low power standby modes. Standby 
mode allows operating for extended periods with minimum 
battery drain, and a power ready function is available for 
controlling external devices when the device is switched 
between standby and high power. In high power mode, the 
output current is approximately 40mA; in standby mode, it 
is about 500 |jA. 

Minimum startup voltage is 1.15V, but once started the 
device will operate to lower voltages as the battery 
discharges. A separate low battery monitor is available; it 
can be used at its default value of 1 .1 7V or may be adjusted 
by the designer to any higher voltage. 

The ICL644, ICL646 and ICL647 are optimized for single 
cell (1.15V to 1 .6V) battery operation and can also be used 
with input voltages up to 4.0V. The ICL645 is designed for 
two cell (or single lithium cell) operation with typical battery 
voltages of 2.0V to 3.6V. The ICL647 is identical to the 
ICL644 except its output voltage is preset to +3V. The 
ICL764X series of products offer the same features as the 
ICL64X with the addition of a shutdown feature. In the shut- 
down mode the quiescent current is less than 5|jA. 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

ICL64XCPD 

CPC to +70°C 

14 Pin Plastic DIP 

ICL64XCBD 

0°C to +70°C 

14 Pin SOIC 

ICL64XIPD 

-40°G to +85°C 

14 Pin Plastic DIP 

ICL64XIBD 

-40°C to +85°C 

14 Pin SOIC 

ICL764XCPD 

0°C to +70°C 

14 Pin Plastic DIP 

ICL764XCBD 

0°C to +70°C 

14 Pin SOIC 

ICL764XIPD 

-40°C to +85°C 

14 Pin Plastic DIP 

1CL764XIBD 

-40°C to +85°C 

14 Pin SOIC 


X = 4, 5, 6 or 7 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2781.1 
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Specifications ICL644/645/646/647 !CL7 644/7 645/7 646/7 647 


Absolute Maximum Ratings 


Peak Voltage at LX1 Pin 

Peak Voltage at LX2 or Vqc Pin , 
Supply Voltage to LI 


Operating Temperature 

. +16V ICL64XCXX 0<>Cto+70OC 

. +6.6V ICL64XIXX -40°C to +85QC 

. +15V Storage Temperature -65°C to +1 60°C 


Supply Voltage to L2, Vqc +5.6V Lead Temperature (Soldering, 1 0 Sec) +300°C 

Peak Current, LX1 50mA Power Dissipation 


Peak Current, LX2 1 .6A Plastic DIP (derate 1 0mW/°C above 70°C) 800mW 

LBO Output Current 50mA SOIC (derate 8.7m W/oc above 70°C) 695mW 

Input Voltage, CTL, LBI (See Note) -0.3V to (V+ +0.3V) 

NOTE: V + is generated at LX1 . In low current mode, it is 4.5V to 5.6V (2.6V 
to 3.6V on ICL646 & ICL7646); in high current mode, it is 10V to 15V. 

Stresses above those listed under “Absolute Maximum Ratings " may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


Electrical 




v OUT 


Specifications: ICL644, ICL646, ICL647, ICL7644, ICL7646, ICL7647 

(GND = 0V, VbaTT = 1-2V, Ta = 25°C, Unless Otherwise Specified.) 


TEST CONDITIONS 




Output Voltage 

ICL644, ICL646 

Ta = OverTemp.* 

KE9 


KH 

V 


ICL647 

Ta = Over Temp.* 

mm 



V 


Minimum Input Voltage to LX1 


Minimum Startup Voltage to LX1 


Input Voltage to LX2. 


Peak LX2 Switch Current 


Standby Current 


Switching Frequency 


LX2, D Switch Duty Cycle 


LX2, D Switch On Time 


LX2 On Resistance 


D Output Saturation Current 


Low Battery Input Threshold Voltage 


Low Battery Input Threshold Tempco 


Low Battery Input Bias Current 


Low Battery Output 



l|_ = OfiA(Note 1) 


l[_ = OjiA 


ICL644, ICL647 (Note 1) 
l(_ = Op A, CTL = Open 


VBATT = 1 -0 to 1 .6V 


ICL644, ICL646 


ICL647 


ICL644, ICL646 


ICL647 


ICL646, ICL647 (Notel) 


ICL646, Source Sink 
(Short Circuit Current) 



Power Ready 


CTL Input Threshold 


Efficiency 


NOTE: 1 . Not tested, guaranteed by design and characterization. 

* Commercial Temperature Range = 0°C to +70°C 
Industrial Temperature Range = -40°C to +85°C 


V L BI< 1-12V, l LBO = 1.6mA 


V LB | > 1 .1 8V, l LBO = -1 fiA 


PR High, IpR = -1 fiA 


PR Low, IpR = 1 |iA 


5ma < IloAD < 40ma 
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Specifications ICL 644/645/64 6/64 7 /CL 7644/7645/764 6/764 7 



SYMBOL 


v OUT 


Output Voltage 


Minimum Input Voltage to LX 1 


Minimum Startup Voltage to LX1 


Input Voltage to LX2 


Peak LX2 Switch Current 


Standby Current 


Switching Frequency 


Switch Duty Cycle 


Switch On Time 


LX2 On Resistance 


Low Battery Input Threshold Voltage 


Low Battery Input Threshold Tempco 


Low Battery Input Bias Current 


Low Battery Output 



Electrical Specifications: ICL645 & ICL7645 {GND = OV, VbaTT = 2.4V, Ta = 25°C, Unless Otherwise Specified.) 


TEST CONDITIONS 


= Over Temperature* 


l[_ = OpA 


l L = OpA (Note 1) 


(Note 1) 


lL = OjjA, CTL = Open 


V BATT = 2.0 to 3.2V 


5.0 

5.5 

0.9 

1.0 

0.8 

1.15 





Input Threshold 


Efficiency 


NOTE: 1 . Not tested, Guaranteed by design and characterization. 


VLBI < 1 -1 2V, l|_BO = 1 -6mA 


V LB |>1.18V,I LB 0 = -1mA 


PR High, Ipp = -1 pA 


PR Low, Ipp = 1 mA 


5mA < IlOAD < 1 50mA 




V 


% 



Commercial Temperature Range = 0°C to +70°C 
Industrial Temperature Range = -40°C to +85°C 
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iCL 644/645/64 6/64 7 ICL 7644/7645/7646/7647 


Pin Description 


ICL646, 

ICL644, ICL7644 



ICL7646 

ICL645, ICL7645 



PIN NUMBER 

ICL647, ICL7647 

NAME 

FUNCTION 


1 

LX2 

Output drain of high power N-channel MOS FET. 

1 

- 

V CC 

Connect to battery positive terminal. 

- 

2 

V+ 

Output of low power up converter; 10 to 15V in high power 
mode. 4.5V to 5.5V in standby mode. 

2 

- 

V+ 

Output of low power up converter. 10 to 15V in high power 
mode. 2.6 to 3.6 V in standby mode. 

3 

3 

l/C 

Internal Connection. Leave this pin unconnec.ed. “Do not ground.” 

- 

7 

GND 

Low power ground. 

4 

4 

V REF 

1.295V bandgap reference output; should be decoupled with a 
capacitor to pin 7. This terminal is high impedance and cannot 
source or sink current. 

5 

5 

LBO 

Low battery monitor output. Sinks 1.6mA when LBI is less than 

1 .1 7V, otherwise sources 1 jiA from V+. 

6 

6 

LBI 

Low battery monitor input. Very high input impedance. 

8*, 14 

8* 


No connection. *Shutdown pin on ICL764X series and no connect 




pin on ICL64X series. Allows user to turn part off by grounding 
pin 8. 

9 

9 

LX1 

Output (drain) of low power N-channel power driver. 

10 

10 

OUT 

+5V (+3V on ICL647). Feedback (input) pin for high power 
operation; output pin in standby mode. 

11 

11 

PR 

Power ready output; high (+5V on ICL644, 645, 646; +3V on 
ICL647) when high power converter is ready to supply power. 

7 

12,14 

HP, GND 

High power ground. 

13 

13 


Control mode switch input; open circuit or high for standby 
mode, ground for high power mode. 

12 

- 

D 

Driver output to external FET. Output voltage swings from GND 
to VquT- 


Low Voitage Step-Up Converters 

Operating Principle 

The ICL644, ICL645, ICL646 and ICL647 are flyback, or 
boost converters: energy from the battery is first stored in a 
coil and then discharged to the load. Essentially, the circuit 
consists of a battery in series with a coil, a high power FET, 
rectifier, and filter, as shown in Figure 1. When the switch is 
closed, current builds up in the coil, creating a magnetic 
field. During the second half, or flyback part of the cycle, the 
power FET opens, the magnetic field collapses and the volt- 
age across the inductor reverses polarity, adding to the volt- 
age of the battery and discharging through the rectifier into 
the load. 

The switch is controlled by a constant frequency oscillator 
whose output is gated on and off by a comparator that 
monitors the output voltage. When the output voltage is 
above the comparator threshold, the power FET skips an 
entire cycle of the oscillator. This pulse skipping technique 
varies the average duty cycle to achieve regulation, rather 
than varying the period or duty cycle of each cycle of the 
power FET; it eliminates a number of linear circuits that 
would otherwise add both circuit complexity and quiescent 
operating current. 


The key to operating CMOS circuitry from a IV supply 
depends on a technique called bootstrapping. A specially 
designed oscillator starts itself up on a very low voltage and 
builds up (or bootstraps) a higher voltage that in turn is used 
as the supply for further operation. This supply yields higher 
efficiency because the bootstrapped voltage drives the gate 
of the internal power FET transistor to lower on resistance. 

When power is first applied, the circuit is very inefficient (for 
the first cycle) until a higher voltage is generated on the 
flyback half of the first cycle. This higher voltage is rectified 
and filtered, and powers the whole 1C (and thus the oscilla- 
tor) for the next cycle. Since each cycle generates a higher 
voltage for the next cycle, the voltage builds up very rapidly. 
An internal regulator limits the voltage to about 12V. The 
load for this supply is only the CMOS chip itself, so the 
requirements for the components, particularly the external 
inductor LI , are very broad. This voltage is brought out to 
the V+ pin and is connected to a tantalum capacitor for 
filtering. 
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This bootstrapped 12V drives an internal N-channel power 
FET that furnishes the switching power for the load. Since 
the gate of this FET is driven from a 1 2V supply, it has a very 
low on resistance and can efficiently switch high currents 
through a second inductor, L2. It is the power stored in this 
second inductor that is delivered to the 5V load via an 
external Schottky diode. The rectified and filtered 5V output 
is connected back to the OUT pin to provide feedback. The 
ICL644/645/646/647 thus has two separate switching 
circuits and uses two separate inductors. 

Circuit Details 

Atypical application circuit is shown in Figure 2. The higher 
value inductor, LI, is typically 4.7mH, and may have fairly 
high losses. It is used for the low power section of the circuit 
and is rectified by an internal diode and routed to pin 2, V+, 
where it is filtered by an external capacitor, Cl. The second 
inductor, L2, varies from 39 jjH to 500 |jH, depending on 
input voltage and load current. It must have low series 
resistance and sufficient core material to handle the load 
power without saturating. The inductor is connected to pin 1 
(LX2), the drain of the Low Power FET, and is rectified by an 
external Schottky diode, D1, and filtered by an external 
capacitor, C2. This is the main +5V output (+3V on the 
ICL647), and it is connected to OUT, pin 10, which is the 
feedback input in high power mode. Figure 3 shows a 
similar circuit for the ICL646 using an external FET for 
higher power output. 

Low Power Standby Mode 

A control pin (CTL) is available for putting the device into 
standby mode to conserve power. When this pin is held low, 
the 1C operates in the high power mode, if it is driven high or 
left open the following occurs: the POWER READY (PR) pin 
is driven low, the high power FET is gated off, the 12V (V+) 
switching supply is reduced to 5V (+3V on the ICL647) and 
is connected to the VouT P' n - 

By lowering the internal 1 2V supply to 5V, the leakage cur- 
rents of the CMOS circuits and the losses associated with 
its voltage reference and oscillator are reduced to a mini- 
mum. The internal low power 5 V supply can furnish up to 
500fjA, and it is connected to the normal 5 V output pin 
(OUT) to supply current to the load, keeping alive standby 
circuits. 

Power Ready Output Pin 

During initial start up (and when placed In standby mode), 
the ICL644/645/646/647 internal voltages are too low to 
drive the power FET efficiently. A separate comparator 
determines when this voltage has reached a high enough 
value to drive the FET. The output of this comparator gates 
the FET drive voltage. This scheme extends battery life in 
standby mode and prevents the power FET from stalling 
when switching to high power mode. The comparator 
output is also brought out to the POWER READY (PR) pin 
and can be used to control external circuits, further 
reducing battery drain. 


D1 



FIGURE 1. ICL644/645 BLOCK DIAGRAM 



r - 472 NC 

* Pin 8 used on 764X series only. 

FIGURE 2. ICL64X/764X TYPICAL APPLICATION 



* Pin 8 used on 7646 series only. 

FIGURE 3. ICL646/7646 TYPICAL APPLICATION 


8 
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Start Up and Mode Considerations 

The ICL644/645/646/647 may be started up in either the 
low power (standby) or high power mode. When starting in 
the high power mode, both the low power switch and the 
high power switch start immediately. Whether or not the 
load is connected, the output voltage will rise to 5V in the 
first few cycles. The OUT pin becomes an input for 
feedback to control regulation. 

If the high power load (greater than about 500|jA) is 
connected to the OUT pin and the device is placed in the 
low power mode (CTL pin driven high or left open), the low 
power oscillator will have to furnish all of the 5V power via 
the OUT pin, and the low power oscillator will stall. It Is, 
therefore, important to disconnect any load currents 
(greater than 500 jjA) whenever the low power or 
standby mode is selected. The POWER READY (PR) pin 
may be used to disconnect the load via an external transis- 
tor. This way the mode and connection of the high power 
load are both controlled through the CTL input. 

Input Filtering 

It is important to limit the rate of rise of the battery voltage 
when the circuit is first turned on with a mechanical switch 
or the installation of the battery(ies). A simple R-C network 
made up of the battery internal resistance and a 10fjF 
tantalum capacitor placed at the battery side of L2 input is 
sufficient for this purpose. This capacitor also helps to 
absorb the (relatively) high peak currents that are drawn 
from the battery in the high power mode. 

Output Filtering 

It is also important to limit the speed at which V+ decreases 
to 5V when the mode is switched from high power to 
standby. This is accomplished by putting a 22 jjF capacitor 
between the V+ and OUT pins. Also, a 220 jjF capacitor 
placed on the OUT pin provides both filtering and serves to 
hold up the 5V during the switchover period. Without these 
capacitors, the 5V may spike negatively during the 
switchover. 

Low Battery Function 

A completely independent low battery monitor is built into 
the ICL64X series and the ICL764X series. Its input (LBI) is 
the + input of a CMOS comparator whose - input is con- 
nected to the internal 1.1 7V band-gap reference. This input 
can be connected directly to the battery in single ceil cir- 
cuits or connected to a high resistance voltage divider for 
higher voltage monitoring. The output (LBO) can sink 1 .6mA 
or source several microamperes from V+. 

Shutdown Function 

The ICL764X series is equipped with a shutdown feature. 
Pin 8, a no connect pin on ICL64X series, is used to power 
the part down. During shutdown the part draws less than 
5 jjA quiescent current. The part can be shutdown by 
grounding pin 8. When pin 8 is left floating the part is 
identical to the ICL64X series. 


Inductor Selection 

Low Power Coil 

The choice of the low power inductor, LI, is not critical. A 
4.7mH coil with a DC resistance of less than 40fl is 
adequate for most applications. In general, higher 
inductance values allow lower start up voltages, while lower 
resistances yield lower quiescent current in standby mode. 
If the inductance is made too high, the low power (V+) 
output voltage and current are reduced. This in turn reduces 
the efficiency of the power section, so the +5V output (in 
standby mode) supplied less current. Lower values of 
inductance raise the minimum start up voltage. 

High Power Coil 

The high power coil, L2, must store most of the energy that 
flows into the load. Accordingly, it should have a powdered 
iron or ferrite core and should have low resistance to 
minimize losses. It also must have an adequate current rat- 
ing to prevent saturation. 

Calculating the worst case inductor for the high power 
section (LX 2) of the ICL644/645/646/647 is a two step 
process: 

1 . Determine the smallest inductor value that will not cause 
the circuit to exceed the peak current rating of the ICL644/ 
645/647 with the highest expected input voltage (Vinmax). 
the longest on time (tONMAX)» ancl the lowest total re- 
sistance (R(MIN))- R(MIN) is the sum of the minimum coil 
and FET resistances. Note that this peak current relates to 
the inductor and the FET switch and is several times the 
load current. 

The following example assumes the minimum frequency 
fO(MIN) and the maximum % ON(MAX) tor the calculation of 
toN(MAX)- Although the calculated value for toN(MAX) is 
above that specified in the electrical characteristics table 
(49ms), the illustration is still a valid one that yields a worst 
case minimum inductor value. 

NOTE: Units with both fo(MIN) an d %ON(MAX) values near 
the ends of the allowed distributions will be rejected for 
tON(MAX)- 

From the Electrical Characteristics table: 

IpK LX2 = 1.5A 
RDSON(MIN) = OAQ 
fO(MIN) = 15.500Hz 
Duty Cycle Maximum, %ON(max) “ 08 
then: 

tON(MAX) = %ON( MAX )/fo(MIN) = 0.8/15500 = 51.6 ms 
Assume that the minimum coil resistance. RcOIL(MIN) is: 
r coil(min) = 0.1 n 

The minimum total resistance, R(MIN) is: 
r (MIN) = R DSON(MIN) + R COIL(MIN) = 0.4 + 0.1 = 0.5fl 


2-92 





tCL 644/645/64 6/64 7 ICL 7644/7645/7646/764 7 


then: 

IPK=1.5A = V|N < MAX > 


r (MIN) 


■ [i_ e - R (MIN) x tON(MAX)/L(MIN)J 


L<MIN)(mH) = - R (MIN)tQN(MAX) 

ln - r (MIN) x , PK/ v IN(MAX)) J 

For a maximum input voltage of 1.56V (single alkaline cell), 
and a minimum coil resistance of 0.1(1, the minimum 
permissible inductance for the ICL644/645/647 is 
39.37 jjH. 

2. Having determined the minimum inductance (L(min)) 
that keeps the peak current below the individual component 
ratings, we next calculate a new peak current (I’pk) using 
the highest resistance (R(MAX))* the lowest input voltage 
(VlN(MIN)) and the shortest on time (tON(MIN))- 
Using these parameters, we will calculate the minimum 
available output (DC) current. 

From the Electrical Characteristics table: 


r DSON(MAX) = 0-67(1 
f O(MAX) = 24kHz 

Duty Cycle Minimum, %ON(MIN) = 0.66 
then: 


tON(MIN) = %ON(MIN)/f 0 (MAX) = 0.66/24000 = 27.5ps 
Assume that the maximum coil resistance, RcOIL(MAX) is: 


Using a 47 ± 10% pH coil with a resistance of 0.15(1, an input 
voltage of 1.1V, and the worst case highest output voltage of 
5.5V. The calculated minimum DC output current is 32mA. This 
assumes a 0.3 V forward drop in the 1N5818 diode. 

When selecting a coil, care should be exercised to insure that 
the minimum inductance value, including all the manufacturing 
tolerances, is never lower than the calculated inductance, or the 
peak current rating of LX2 may be exceeded. In addition, the 
current rating of the coil should be greater than the peak 
current used in the calculation (1.5A, normally), to avoid 
saturating the core. 

if the worst case output current is too small, then either the 
minimum input voltage must be increased or the maximum 
input voltage should be decreased. It is always desirable to 
decrease the ratio between maximum and minimum input 
voltages. The coil resistance also has a significant effect on the 
output current, so selecting a lower coil resistance will increase 
the output current and increase the overall efficiency. 

If no satisfactory value of inductance can be found for the 
desired current, the ICL646 may be used with an external FET 
whose peak current exceeds 1 .5A. The calculations are similar 
for the ICL644 except the external FETs RdSON and current 
rating should be substituted in the above equations. 

If the worst case output current is significantly higher than the 
required load current, a higher inductance value may be used. 
This will tend to reduce the peak current and the ripple voltage. 
Be sure to adjust the coil resistance and recalculate all the 
values. 


R COIL(MAX) = 0.1 5(1 

The maximum total charging resistance, R(MAX) is: 
r (MAX) = R DSON(MAX) + r COIL(MAX) = 0.82(1 
At the end of the ON period: 

= V IN(MIN) x 1 _ e - r (MAX) x tON(MIN)/L(MIN) 
r (MAX) 

The energy stored in the coil is: 

ECOIL = L (MIN)Xl’PK 2 
2 

And the power put into the coil is: 

p COIL = *0(MAX) x ECOIL 

= b(MIN) x I'pk 2 x fp(M AX) 

2 

The minimum DC output current, iQUTi is: 


When the maximum battery voltage exceeds 1.65V, the 
ICL645 should be used. Calculations for the ICL645 are 
identical to the ICL644 calculations, except that different values 
must be used for the maximum and minimum duty cycles. 

In general, if a choice of batteries is available, higher input 
voltages are preferred for two reasons. First, as the input 
voltage approaches IV, the load on the battery increases while 
the losses increase. The losses become so dominant that 
efficiency suffers and little output current can be 
maintained. Second, certain losses, such as the coil 
resistance and the FET on resistance are less significant with 
higher input voltages. This means not only higher 
efficiency, but a greater range of input voltages are 
tolerable; this in turn means that more of the chemical 
energy can be converted into electricity. For example, three 
NiCd cells, with a fully charged voltage of 4.05V, may still be 
used down to 1.1V (with about 5mA of 5V output current), far 
beyond the normal life expectancy. 


•OUT(MIN) 


_ p LOAD = p COIL _p LOSS _ The inductance values for commonly encountered battery 

Vload Vout(MAX) + Vd,ode ■ V IN(MIN) operated power supplies are tabluated in Table 1. 

p C OIL- |f PK 2 x (RCOIUMAX/ 3 ) x (1 - %ON(m in)) 

VOUT(MAX) + VpiODE - V IN(MIN) 
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TABLE 1. MINIMUM INDUCTANCE FOR COMMON BATTERIES 


BATTERY TYPE 

BATTERY VOLTAGE 

OUTPUT 

COIL SPECIFICATIONS (L2) 

TOKO 8RBS 262LYF SERIES 

MIN 

MAX 

pH* 

OHMS 

PART NO. 

1 NiCads(ICL644) 

1.15V 

1.35V 

5 V 

43mA 

39 

0.09 

-0087K 

1 Alkaline (ICL644) 

1.20V 

1.55V 

5V 

43mA 

47 

0.10 

-0088K 

1 Alkaline (ICL644) 

2.5V 

3.5V 

5V 

150mA 

33 

0.80 

-0086K 

2 NiCads (ICL645) 

2.30V 

2.70V 

5 V 

64mA 

68 

0.16 

-0090K 

2 Alkalines (ICL645) 

2.40V 

3.10V 

5V 

62mA 

82 

0.17 

-0091 K 

1 Lithium (ICL645) 

2.60V 

3.60V 

5V 

64mA 

100 

0.22 

-0092K 

1 NiCad (ICL646)** 

1.15V 

1.35V 

5 V 

250mA 

12 

0.049 

-0081 K 

1 Alkaline (ICL646)** 

1.20V 

1.55V 

5V 

275mA 

6.8 

0.037 

-0079M 

1 Alkaline (ICL647) 

1.20V 

1.55V 

3V 

60mA 

39 

0.09 

-0087K 


* Coils are from Toko. Inductance (jiH) is the MINIMUM allowed for the listed 
battery voltage range (Battery Voltage: MIN, MAX). Lower values are not 
recommended, except when using the ICL646/7646 converters since they 
use an external MOSFET. If less current than listed in the Output column is 
needed, a higher inductance coil will reduce losses. The optimum induct- 

** These ICL646 circuits use an external current switch. Peak switch current 
is typically 3.5A. 


ance varies inversely with required output current if all other conditions are 
unchanged. For example, refer to line 3 and the 10mA output. 120nH 
supplies this current more efficiently than the 39pH coil of line 2. L2 may also 
be calculated using the equations in the Inductor Selection Section. 


Capacitor Selection 

The high current fast rise-time pulses associated with 
switching power supplies demand good grounding and 
bypassing techniques. The ICL644/645/647 have 3 ground 
pins to improve grounding. In addition, the internal voltage 
reference is brought out for connection to an external 1 nF 
capacitor, minimizing noise and modulation on the 
reference. 

The two output voltages, V+ and +5V should be filtered with 
tantalum capacitors, or other capacitors with low effective 
series resistance, to minimize transients. If aluminum 
electrolytic capactors are used, they should be paralleled 
with 0.1 ^F disc ceramics. 

Selecting Low Power Switching Diodes 

The I CL6 44/64 5/64 6/64 7 use one external diode, and this 
diode must be a Schottky. A common Schottky type that 
performs well is the 1N5818. 

In applications where standby current must be minimized, 
the diode’s reverse leakage characteristics are especially 
important. The ICL644/646/647 (40pA for the ICL645) 
standby current is typically 80jiA, while the reverse current 
of some Schottky rectifiers can exceed this value, 
particularly at high temperature. If necessary, diode leakage 
can be reduced with higher voltage Schottky types such as 
1N5817. If standby mode is not used or is used only for 
short periods, then diode leakage is not a significant 
additional loss compared to the normal load current and 
need not be considered. 


Rectifier Selection 

The ICL644 - 647 and ICL7644 - 7647 use one external 
rectifier. To achieve specified performance at low voltage, a 
Schottky type, such as the 1N5818, is recommended 
because it combines low forward voltage drop with fast 
switching speed. This maximizes power conversion 
efficiency and output current when the DC-DC converter is 
in high power mode. One drawback of Schottky rectifiers is 
relatively high reverse leakage current (at 5V reverse, 
1N5818 leakage is typically 60fjA at 25 °C and 450)iA at 
75°C), which is quite large with respect to the circuit’s 
quiescent current in standby mode (typical standby current 
ICL644/646/647 and ICL7644/7646/7647: 80pA, ICL645 
and ICL7645: 40)jA). If standby mode is not used or used 
only for short periods, reverse leakage is not a significant 
additional loss compared to the normal load current, and 
need not be considered. 

If quiescent operating current is a primary concern, or if the 
ICL644 - 647 and ICL7644 - 7647 spends most of its time 
in standby mode, a silicon rectifier such as the 1N4933 or 
Unitrode UES1001 may be preferred. Silicon rectifiers have 
less reverse leakage current than do Schottky rectifiers 
(1 N4933 leakage current is typically 1 |jA at 25°C and 50pA 
at 100°C). In circuits where the standby mode is the 
predominant mode of operation, battery life may be 
extended by trading conversion efficiency for lower standby 
quiescent current. 
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ICL 644/645/64 6/64 7 ICL 7644/7645/764 6/764 7 


Output Current vs. Input Voltage 

Figures 4 through 7 show output current versus input 
voltage using typical inductor values for each part in the 
ICL644 - 647 and ICL7644 - 7647 series. Where curves 
end in the middle of the graphs, the peak current limit of the 
internal LX2 switch has been reached. A higher input 
voltage than indicated by that line (for the given inductor) 
may damage the device. Figure 6 assumes that an IRF541 
MOSFET is used (0.085H maximum on resistance). 

Dashed lines indicate regions where the LX2 current limit 
hasn’t been exceeded, but the current rating of the selected 
coil has. The actual voltages where lines end or become 
dashed are indicated by arrows on the graphs. The output 
currents indicated by dashed lines can be achieved only 
with inductors of higher current rating than the indicated 
coil. The coils used in Figures 4, 5 and 7 are as follows: 


INDUCTOR 


TOKO PART NUMBER 



33pH -0086K 

47jjH -0088 K 

lOOjiH -0092 K 

1 50jjH -0094K 

220|iH -0096K 

The coils used in Figure 6 are the Toko series inductors. 

The graphs in Figures 4-7 were calculated using worst 
case data, so individual circuits may supply more current 
than indicated. If the coils’ current ratings are not exceeded, 
smaller, lower-cost coils than those indicated may be used 
in low-current applications. Use the equations in the text to 
calculate worst case peak coil/switch current to be sure that 
a particular coil’s current rating is sufficient 
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FIGURE 4. ICL644/7644, l 0 UT vs. Vj N (V 0 UT = 5V) 


FIGURE 5. ICL645/7645, l 0 UT vs. V| N (V 0 UT = 5V) 
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FIGURE 6. ICL646/7646, l 0 UT vs. V|n (V 0 UT = 5 V) 


FIGURE 7. ICL647/7647, l 0 UT vs. V| N (VquT = 3V) 
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SEMICONDUCTOR 


ICL7660 

CMOS Voltage Converter 


GENERAL DESCRIPTION 

The Harris ICL7660 is a monolithic CMOS power supply 
circuit which offers unique performance advantages over 
previously available devices. The ICL7660 performs supply 
voltage conversion from positive to negative for an input 
range of + 1.5V to + 10.0V, resulting in complementary out- 
put voltages of -1.5V to -10.0V. Only 2 non-critical exter- 
nal capacitors are needed for the charge pump and charge 
reservoir functions. The ICL7660 can also be connected to 
function as a voltage doubler and will generate output volt- 
ages up to + 18.6V with a + 10V input. 

Contained on chip are a series DC power supply regula- 
tor, RC oscillator, voltage level translator, and four output 
power MOS switches. A unique logic element senses the 
most negative voltage in the device and ensures that the 
output N-channel switch source-substrate junctions are not 
forward biased. This assures latchup free operation. 

The oscillator, when unloaded, oscillates at a nominal fre- 
quency of 10kHz for an input supply voltage of 5.0 volts. 
This frequency can be lowered by the addition of an exter- 
nal capacitor to the “OSC” terminal, or the oscillator may 
be overdriven by an external clock. 

The “LV” terminal may be tied to GROUND to bypass the 
internal series regulator and improve low voltage (LV) oper- 
ation. At medium to high voltages (+3.5 to +10.0 volts), 
the LV pin is left floating to prevent device latchup. 

An enhanced direct replacement for this part, the 
/CL7660S, is now available and should be used for all 
new designs. 


FEATURES 

• Simple Conversion of + 5V Logic Supply to ± 5V 
Supplies 

• Simple Voltage Multiplication (Vout = (~) nV|N) 

• 99.9% Typical Open Circuit Voltage Conversion 
Efficiency 

• 98% Typical Power Efficiency 

• Wide Operating Voltage Range 1.5V to 10.0V 

• Easy to Use — Requires Only 2 External 
Non-Critical Passive Components 

• No External Diode Over Full Temperature and 
Voltage Range 

APPLICATIONS 

• On Board Negative Supply for Dynamic RAMs 

• Localized ^-Processor (8080 Type) Negative 
Supplies 

• Inexpensive Negative Supplies 

• Data Acquisition Systems 

ORDERING INFORMATION 


Part Number 

Temp. Range 

Package 

ICL7660CTV 

0° to +70°C 

TO-99 

ICL7660CBA 

0°C to +70°C 

8 PIN SOIC 

ICL7660CPA 

0° to + 70°C 

8 PIN MINI DIP 

ICL7660MTV* 

-55° to + 125°C 

TO-99 


*Add /883B to part number if 883B processing is required. 



HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY. INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 302063-005 


NOTE: All typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 10.5V 

LV and OSC Input Voltage 

(Note 1) —0.3V to (V+ + 0.3V) for V+ <5.5V 

(V+ -5.5V) to (V+ + 0.3V) for V+> 5.5V 

Current into LV (Note 1) 20ju.A for V+ >3.5V 

Output Short Duration (Vsupplv^ 5 - 5V ) Continuous 

Power Dissipation (Note 2) 

ICL7660CTV 500mW 

ICL7660CPA 300mW 

ICL7660MTV 500mW 


Operating Temperature Range 


ICL7660M — 55°C to + 125°C 

ICL7660C 0°C to +70°C 

Storage Temperature Range — 65°Cto +150°C 

Lead Temperature 

(Soldering, lOsec) 300°C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 



Figure 2: Functional Diagram 
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ELECTRICAL CHARACTERISTICS 

V+ =5V, Ta = 25°C, C O sc = 0, Test Circuit Figure 3 (unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Typ 

Max 

1 + 

Supply Current 

R l = oo 


170 

500 

/jlA 

V L + 

Supply Voltage Range - Lo 

MIN^Ta^MAX, R L =10kn, LV to GROUND 

1.5 


3.5 

V 

V H + 

Supply Voltage Range - Hi 

MIN^Ta^MAX, R L = 10kn, LVOpen 

3.0 


10.0 

V 


NOTE: All typical values have been characterized but are not tested. 


2-97 


POWER PROCESSING 
CIRCUITS 








ICL7660 


ELECTRICAL CHARACTERISTICS 

V+ =5V, T A =25°C, Cosc = °> Test Circuit Figure 3 (unless otherwise specified) (Continued) 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Typ 

Max 

Rout 

Output Source Resistance 

Iout = 20mA, T A = 25°C 


55 

100 

a 

l O UT = 20mA, 0°C^T A ^ + 70°C 



120 

ft 

loUT = 20mA, — 55°C^T/\^ 4- 125°C 



150 

a 

V+ =2V, l 0UT = 3mA, LV to GROUND 
0 °C^T a ^+70°C 


d 



V + = 2V, Iqut = 3mA, LV to GROUND, 

— 55°C ^ T A £ + 125°C 

■ 

■ 



fosc 

Oscillator Frequency 



■■ 



P E f 

Power Efficiency 

R|_ = 5kH 

95 



% 

VOUT Ef 

Voltage Conversion Efficiency 

r l = oo 

97 



% 

Z OSC 

Oscillator Impedance 

V + =2 Volts 




M ft 

V = 5 Volts 






Notes: 1. Connecting any input terminal to voltages greater than V+ or less than GROUND may cause destructive latchup. It is recommended that no inputs from 
sources operating from external supplies be applied prior to “power up” of the ICL7660. 

2. Derate linearly above 50°C by 5.5mW/°C. 


TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 3) 


OPERATING VOLTAGE AS A 
FUNCTION OF TEMPERATURE 





-55 -25 0 25 50 100 125 


TEMPERATURE (°C) 


0319-8 


OUTPUT SOURCE RESISTANCE AS A 
FUNCTION OF SUPPLY VOLTAGE 



SUPPLY VOLTAGE (V+) 

0319-9 


OUTPUT SOURCE RESISTANCE AS A 



TEMPERATURE (°C) 


0319-10 


NOTE: All typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 3) (Continued) 


POWER CONVERSION EFFICIENCY 
AS A FUNCTION OF OSC. 
FREQUENCY 



OSC. FREQUENCY f osc (Hz) 


OUTPUT VOLTAGE AS A 
FUNCTION OF OUTPUT CURRENT 

5 | I I I I HI _ | 

4 — Ta = +25°C 1 

V + = +5V I | 


10 20 30 40 50 60 70 80 

LOAD CURRENT li_(mA) 


FREQUENCY OF OSCILLATION AS 
A FUNCTION OF EXTERNAL 
OSC. CAPACITANCE 



100 1000 
Cose (pf) 


SUPPLY CURRENT & POWER 
CONVERSION EFFICIENCY AS A 
FUNCTION OF LOAD CURRENT 



LOAD CURRENT l L (mA) 


UNLOADED OSCILLATOR 
FREQUENCY 

AS A FUNCTION OF TEMPERATURE 



5 0 +25 +50 +75 +100 +125 

TEMPERATURE (°C) 


OUTPUT VOLTAGE AS A 
FUNCTION OF OUTPUT CURRENT 




2 3 4 5 6 

LOAD CURRENT l L (mA) 


SUPPLY CURRENT & POWER CONVERSION EFFICIENCY 
AS A FUNCTION OF LOAD CURRENT 



NOTE 3. These curves include In the supply current that current fed directly 
into the load RL f rom V+ (See Figure 3). Thus, approximately half the supply 
current goes directly to the positive side of the load, and the other half, 
through the ICL7660, to the negative side of the load. Ideally, Vq UT =* 2 V^, 
! S ~ 2 'l* so V IN x 's “ V OUT x 'L- 


LOAD CURRENT l L (mA) 


NOTE: All typical values have been characterized but are not tested. 
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DETAILED DESCRIPTION 

The ICL7660 contains all the necessary circuitry to com- 
plete a negative voltage converter, with the exception of 2 
external capacitors which may be inexpensive 10/iF polar- 
ized electrolytic types. The mode of operation of the device 
may be best understood by considering Figure 4, which 
shows an idealized negative voltage converter. Capacitor 
Ci is charged to a voltage, V+, for the half cycle when 
switches Si and S 3 are closed. (Note: Switches S 2 and S 4 
are open during this half cycle.) During the second half cy- 
cle of operation, switches S 2 and S 4 are closed, with Si and 
S 3 open, thereby shifting capacitor Ci negatively by V + 
volts. Charge is then transferred from Ci to C 2 such that the 
voltage on C 2 is exactly V + , assuming ideal switches and 
no load on C 2 . The ICL7660 approaches this ideal situation 
more closely than existing non-mechanical circuits. 

In the ICL7660, the 4 switches of Figure 4 are MOS pow- 
er switches; Si is a P-channel device and S 2 , S 3 & S 4 are 
N-channel devices. The main difficulty with this approach is 
that in integrating the switches, the substrates of S 3 & S 4 
must always remain reverse biased with respect to their 
sources, but not so much as to degrade their “ON” resist- 
ances. In addition, at circuit startup, and under output short 
circuit conditions (Vout = V + )> the output voltage must be 
sensed and the substrate bias adjusted accordingly. Failure 
to accomplish this would result in high power losses and 
probable device latchup. 

This problem is eliminated in the ICL7660 by a logic net- 
work which senses the output voltage (Vout) together with 
the level translators, and switches the substrates of S 3 & S 4 
to the correct level to maintain necessary reverse bias. 

The voltage regulator portion of the ICL7660 is an integral 
part of the anti-latchup circuitry, however its inherent volt- 
age drop can degrade operation at low voltages. Therefore, 
to improve low voltage operation the “LV” pin should be 
connected to GROUND, disabling the regulator. For supply 
voltages greater than 3.5 volts the LV terminal must be left 
open to insure latchup proof operation, and prevent device 
damage. 



THEORETICAL POWER EFFICIENCY 
CONSIDERATIONS 

In theory a voltage converter can approach 100% effi- 
ciency if certain conditions are met: 

A The drive circuitry consumes minimal power. 

B The output switches have extremely low ON resist- 
ance and virtually no offset. 

C The impedances of the pump and reservoir capaci- 
tors are negligible at the pump frequency. 

The ICL7660 approaches these conditions for negative 
voltage conversion if large values of Ci and C 2 are used. 

ENERGY IS LOST ONLY IN THE TRANSFER OF 
CHARGE BETWEEN CAPACITORS IF A CHANGE IN 
VOLTAGE OCCURS. The energy lost is defined by: 

E=y 2 Ci (Vi2-V 2 2) 

where Vi and V 2 are the voltages on Ci during the pump 
and transfer cycles. If the impedances of Ci and C 2 are 
relatively high at the pump frequency (refer to Figure 4) 
compared to the value of R|_, there will be a substantial 
difference in the voltages Vi and V 2 . Therefore it is not only 
desirable to make C 2 as large as possible to eliminate out- 
put voltage ripple, but also to employ a correspondingly 
large value for Ci in order to achieve maximum efficiency of 
operation. 

DO’S AND DON’TS 

1 . Do not exceed maximum supply voltages. 

2 . Do not connect LV terminal to GROUND for supply 
voltages greater than 3.5 volts. 

3. Do not short circuit the output to V+ supply for supply 
voltages above 5.5 volts for extended periods, however, 
transient conditions including startup are okay. 

4. When using polarized capacitors, the + terminal of Ci 
must be connected to pin 2 of the ICL7660 and the 
+ terminal of C 2 must be connected to GROUND. 

5. If the voltage supply driving the 7660 has a large source 
impedance (25 - 30 ohms), then a 2.2pF capacitor from 
pin 8 to ground may be required to limit rate of rise of 
input voltage to less than 2V/ps. 

6 . User should insure that the output (pin 5) does not go 
more positive than GND (pin 3). Device latch up will 
occur under these conditions. 

A 1 N914 or similar diode placed in parallel with C 2 will 
prevent the device from latching up under these 
conditions. (Anode pin 5, Cathode pin 6 ). 


NOTE: All typical values have been characterized but are not tested. 
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NOTE: All typical values have been characterized but are not tested. 
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TYPICAL APPLICATIONS 
Simple Negative Voltage Converter 

The majority of applications will undoubtedly utilize the 
ICL7660 for generation of negative supply voltages. Figure 
5 shows typical connections to provide a negative supply 
where a positive supply of + 1 .5V to + 1 0.0 volts is avail- 
able. Keep in mind that pin 6 (LV) is tied to the supply nega- 
tive (GND) for supply voltages below 3.5 volts. 

The output characteristics of the circuit in Figure 5a can 
be approximated by an ideal voltage source in series with a 
resistance as shown in Figure 5b. The voltage source has a 
value of -V + . The output impedance (R 0 ) is a function of 
the ON resistance of the internal MOS switches (shown in 
Figure 4), the switching frequency, the value of Cl and C2, 
and the ESR (equivalent series resistance) of Cl and C2. A 
good first order approximation for R 0 is: 

R 0 = 2(Rswi + RSW3 + ESRci) + 

2( r SW2 + R SW4 + ESRci) + 

(fpUMP) (Cl) + ESRc2 
foso 

(fpUMP = R SWX = MOSFET switch resistance) 
Combining the four Rswx terms as Rsw. we see that: 

R o - 2 (Rsw) + r, + 4 (ESRci) + ESRc 2 

(fpUMP) (Cl) 

Rsw. the total switch resistance, is a function of supply 
voltage and temperature (See the Output Source Resist- 
ance graphs), typically 23ft @ 25°C and 5V. Careful selec- 
tion of Cl and C2 will reduce the remaining terms, minimiz- 
ing the output impedance. High value capacitors will reduce 
the 1 /(fpuMP • Cl) component, and low ESR capacitors will 
lower the ESR term. Increasing the oscillator frequency will 
reduce the 1 /(fpuMP • Cl) term, but may have the side 
effect of a net increase in output impedance when 


Cl > 10 ju,F and there is no longer enough time to fully 
charge the capacitors every cycle. In a typical application 
where fosc = 10 kHz and C = Cl = C2 = 10 juF: 

R ° “ 2 < 23) + (SAIF ' S) + 4 < ESR C1> + ESR C2 

R 0 = 46 + 20 + 5 (ESR C ) 

Since the ESRs of the capacitors are reflected in the out- 
put impedance multiplied by a factor of 5, a high value could 
potentially swamp out a low 1 /(fpuMP • Cl) term, rendering 
an increase in switching frequency or filter capacitance inef- 
fective. Typical electrolytic capacitors may have ESRs as 
high as 10ft. 

Output Ripple 

ESR also affects the ripple voltage seen at the output. 
The total ripple is determined by 2 voltages, A and B, as 
shown in Figure 101. Segment A is the voltage drop across 
the ESR of C2 at the instant it goes from being charged by 
-Cl (current flow into C2) to being discharged through the 
load (current flowing out of C2). The magnitude of this cur- 
rent change is 2*lout, hence the total drop is 2*lout*eSRc2 
volts. Segment B is the voltage change across C2 during 
time t 2 , the half of the cycle when C2 supplies current to the 
load. The drop at B is lout*t2/C2 volts. The peak-to-peak 
ripple voltage is the sum of these voltage drops: 


2 (fp UM p) (C2) 


+ 2 (ESR C2 ) lout 


Again, a low ESR capacitor will result in a higher perform- 
ance output. 


Paralleling Devices 

Any number of ICL7660 voltage converters may be paral- 
leled to reduce output resistance. The reservoir capacitor, 
C 2 , serves all devices while each device requires its own 
pump capacitor, C-|. The resultant output resistance would 
be approximately: 


R OUT = 


Rout (of ICL7660) 
n (number of devices) 


NOTE: All typical values have been characterized but are not tested. 
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Cascading Devices 

The ICL7660 may be cascaded as shown to produce larg- 
er negative multiplication of the initial supply voltage. How- 
ever, due to the finite efficiency of each device, the practical 
limit is 10 devicesTor light loads. The output voltage is de- 
fined by: 

v OUT = ~ n (Vin). 

where n is an integer representing the number of devices 
cascaded. The resulting output resistance would be approx- 
imately the weighted sum of the individual ICL7660 Rout 
values. 

Changing the ICL7660 Oscillator 
Frequency 

It may be desirable in some applications, due to noise or 
other considerations, to increase the oscillator frequency. 
This is achieved by overdriving the oscillator from an exter- 
nal clock, as shown in Figure 9. In order to prevent possible 
device latchup, a 100kn resistor must be used in series with 
the clock output. In a situation where the designer has gen- 
erated the external clock frequency using TTL logic, the ad- 
dition of a lOkfl pullup resistor to V + supply is required. 
Note that the pump frequency with external clocking, as 
with internal clocking, will be y 2 of the clock frequency. Out- 
put transitions occur on the positive-going edge of the 
clock. 


V+ V + 



It is also possible to increase the conversion efficiency of 
the ICL7660 at low load levels by lowering the oscillator 
frequency. This reduces the switching losses, and is shown 
in Figure 10. However, lowering the oscillator frequency will 
cause an undesirable increase in the impedance of the 
pump (Ci) and reservoir (C2) capacitors; this is overcome 
by increasing the values of and C2 by the same factor 
that the frequency has been reduced. For example, the ad- 
dition of a lOOpF capacitor between pin 7 (Osc) and V+ will 
lower the oscillator frequency to 1kHz from its nominal fre- 
quency of 10kHz (a multiple of 10), and thereby necessitate 
a corresponding increase in the value of Ci and C2 (from 
lOjiiF to 100/xF). 


■I 


1 — =-G 


V* 

a— i 

3 — :r 
3 
3- 


c osc 


~ T C 

H 


0319-24 

Figure 10: Lowering Oscillator Frequency 


Positive Voltage Doubling 

The ICL7660 may be employed to achieve positive volt- 
age doubling using the circuit shown in Figure 11. In this 
application, the pump inverter switches of the ICL7660 are 
used to charge Ci to a voltage level of V+ -Vp (where V+ 
is the supply voltage and Vp is the forward voltage drop of 
diode D-|). On the transfer cycle, the voltage on C-j plus the 
supply voltage (V+) is applied through diode D2 to capaci- 
tor 62. The voltage thus created on C2 becomes 
(2V+)-(2Vp) or twice the supply voltage minus the com- 
bined forward voltage drops of diodes D-j and D2. 

The source impedance of the output (Vqut) will depend 
on the output current, but for V + = 5 volts and an output 
current of 1 0mA it will be approximately 60 ohms. 



2 


NOTE: All typical values have been characterized but are not tested. 
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Combined Negative Voltage Conversion 
and Positive Supply Doubling 

Figure 1 2 combines the functions shown in Figures 5 and 
1 1 to provide negative voltage conversion and positive volt- 
age doubling simultaneously. This approach would be, for 
example, suitable for generating +9 volts and -5 volts 
from an existing + 5 volt supply. In this instance capacitors 
Ci and C3 perform the pump and reservoir functions re- 
spectively for the generation of the negative voltage, while 
capacitors C2 and C4 are pump and reservoir respectively 
for the doubled positive voltage. There is a penalty in this 
configuration which combines both functions, however, in 
that the source impedances of the generated supplies will 
be somewhat higher due to the finite impedance of the 
common charge pump driver at pin 2 of the device. 



The bidirectional characteristics can also be used to split 
a higher supply in half, as shown in Figure 13. The com- 
bined load will be evenly shared between the two sides. 
Because the switches share the load in parallel, the output 
impedance is much lower than in the standard circuits, and 
higher currents can be drawn from the device. By using this 
circuit, and then the circuit of Figure 8, + 1 5V can be con- 
verted (via +7.5, and -7.5) to a nominal -15V, although 
with rather high series output resistance (~250fl). 



Regulated Negative Voltage Supply 

In some cases, the output impedance of the ICL7660 can 
be a problem, particularly if the load current varies substan- 
tially. The circuit of Figure 14 can be used to overcome this 
by controlling the input voltage, via an ICL761 1 low-power 
CMOS op amp, in such a way as to maintain a nearly con- 
stant output voltage. Direct feedback is inadvisable, since 
the ICL7660’s output does not respond instantaneously to 
change in input, but only after the switching delay. The cir- 
cuit shown supplies enough delay to accommodate the 
7660, while maintaining adequate feedback. An increase in 
pump and storage capacitors is desirable, and the values 
shown provides an output impedance of less than 5 Ct to a 
load of 10mA. 




OTHER APPLICATIONS 

Further information on the operation and use of the 
ICL7660 may be found in A051 “Principals and Applications 
of the ICL7660 CMOS Voltage Converter”. 


NOTE: All typical values have been characterized but are not tested. 
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GENERAL DESCRIPTION 

The ICL7660S Super Voltage Converter is a monolithic 
CMOS voltage conversion 1C that guarantees significant 
performance advantages over other similar devices. It is a 
direct replacement for the industry-standard ICL7660 offer- 
ing an extended operating supply voltage range up to 12V, 
with lower supply current. No external diode is needed for 
the ICL7660S. In addition, a Frequency Boost pin has 
been incorporated to enable the user to achieve lower out- 
put impedance despite using smaller capacitors. All im- 
provements are highlighted in bold italics in the Electrical 
Characteristics section. Critical parameters are guaran- 
teed over the entire commercial, industrial and military 
temperature ranges. 

The ICL7660S performs supply voltage conversion from 
positive to negative for an input range of 1 .5V to 1 2V, result- 
ing in complementary output voltages of -1.5V to -12V. 
Only 2 non-critical external capacitors are needed for the 
charge pump and charge reservoir functions. The ICL7660S 
can be connected to function as a voltage doubler and will 
generate up to 22.8V with a 12V input. It can also be used 
as a voltage multiplier or voltage divider. 

The chip contains a series DC power supply regulator, RC 
oscillator, voltage level translator, and four output power 
MOS switches. The oscillator, when unloaded, oscillates at 
a nominal frequency of 10 kHz for an input supply voltage of 
5.0 volts. This frequency can be lowered by the addition of 
an external capacitor to the “OSC” terminal, or the oscilla- 
tor may be over-driven by an external clock. 

The “LV” terminal may be tied to GROUND to bypass the 
internal series regulator and improve low voltage (LV) oper- 
ation. At medium to high voltages (3.5V to 1 2V), the LV pin 
is left floating to prevent device latchup. 


ICL7660S 

Super Voltage Converter 


FEATURES 

• Guaranteed Lower Max Supply Current for All 
Temperature Ranges 

• Guaranteed Wider Operating Voltage Range 
—1.5V to 12V 

• No External Diode Over Full Temperature and 
Voltage Range 

• Boost Pin (Pin 1) for Higher Switching Frequency 

• Guaranteed Minimum Power Efficiency of 96% 

• improved Minimum Open Circuit Voltage Conversion 
Efficiency of 99% 

• Improved SCR Latchup Protection 

• Simple Conversion of + 5V Logic Supply to ±5V 
Supplies 

• Simple Voltage Multiplication VouT = (~) nV iN 
° Easy to Use — Requires Only 2 External 

Non-Critical Passive Components 
0 Improved Direct Replacement for Industry-Standard 
ICL7660 and Other Second-Source Devices 

APPLICATIONS 

• Simple Conversion of +5V to ±5V Supplies 

• Voltage Multiplication Vqut = ±nV lN 

• Negative Supplies for Data Acquisition Systems & 
Instrumentation 

• RS232 Power Supplies 

• Supply Splitter, Vqut - ±Vs/2 

ORDERING INFORMATION 


Part Number 

Temp. Range 

Package 

ICL7660SCBA 

0°C to +70°C 

8-Pin SOIC 

ICL7660SCPA 

0°Cto +70°C 

8-Pin Minidip 

ICL7660SIBA 

— 25°C to +85°C 

8-Pin SOIC 

ICL7660SCTV 

0°C to +70°C 

TO-99 

ICL7660SIPA 

— 25°C to +85°C 

8-Pin Minidip 

ICL7660SITV 

— 25°C to +85°C 

TO-99 

ICL7660SMTV* 

— 55°C to + 1 25°C 

TO-99 


'Add /883B to part number if 883B processing is required. 




HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


302163-003 


NOTE: AH typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 13.0V 

LV and OSC Input Voltage 

(Note 1) -0.3V to (V+ + 0.3V) for V+ < 5.5V 

(V+ — 5.5V) to (V + + 0.3V) for V+> 5.5V 

Current into LV (Note 1) . .20 juA for V+ > 3.5V 

Output Short Duration (Vsupply ^ ,5.5V) Continuous 

Power Dissipation (Note 2) 

ICL7660SCTV 500 mW 

ICL7660SCPA 300 mW 

ICL7660SCBA 300 mW 

ICL7660SITV 500 mW 

ICL7660SIPA 300 mW 

ICL7660SIBA 300 mW 

ICL7660SMTV 500 mW 

Operating Temperature Range 

ICL7660SM -55°C to + 125°C 

ICL7660SI — 25°C to +85°C 

ICL7660SC 0°C to + 70°C 

Storage Temperature Range -65°C to + 1 50°C 

Lead Temperature 

(Soldering, 10 sec) 300°C 


NOTE: Stresses above those fisted under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 




NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS 

V+ = 5V, T a = 25°C, OSC = Free running, Test Circuit Figure 3 (unless otherwise specified) 


ICL7660S 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Typ 

Max 





/+ 

Supply Current 

R L = °o, 25°C 


80 

160 



(Note 3) 

0°C < T A < +70°C 



180 

ju,A 



— 25°C < T A < + 85°C 



180 



— 55°C < T A < +125°C 



200 


K 

Supply Voltage Range— Hi 

R L =10K, LVOpen 

3.0 


12 



(Note 4) 

Tmin < T A < T max 



v L f 

Supply Voltage Range — Lo 

R l = 10K, LV to GROUND 

Tmin < T A < T max 

1.5 


3.5 

V 

r out 

Output Source 

Iout = 20 mA, T A = 25°C 


60 

100 



Resistance 

Iqut = 20 mA, 0°C < T a < + 70°C 



120 




Iqut = 20 mA, — 25°C < T A < +85°C 



120 




Iqut = 20 mA, — 55°C < T A < + 125°C 



150 




Iout = 3mA,V+ = 2V, LV = GND, 

0°C < T A < +70°C 



250 

ft 



(OUT = 3 mA, V + = 2V, LV = GND, 

— 25°C < T A < +85°C 



300 




Iout = 3 mA, V+ = 2V, LV = GND, 

- 55°C < T A < +1 25°C 



400 


fosc 

Oscillator Frequency 

c OSC = 0, Pin 1 Open or GND 

5 

10 


kHz 



Pin 1 = V + 


35 


PEff 

Power Efficiency 

R l = 5 kn 

96 

98 


% 



Tmin < T A < T max 

95 

97 


VourEff 

Voltage Conversion 
Efficiency 

R L = oo 

99 

99.9 


% 

z OSC 

Oscillator Impedance 

> 

C\J 

II 

+ 

> 


1 


m a 



V+ = 5V 


100 


ka 


NOTE 1: Connecting any terminal to voltages greater than V+ or less than GROUND may cause destructive latchup. It is recommended that no inputs from 
sources operating from external supplies be applied prior to “power up” of ICL7660S. 

2: Derate linearly above 50°C by 5.5 mW/°C. 

3: In the test circuit, there is no external capacitor applied to pin 7. However, when the device is plugged into a test socket, there is usually a very small but 
finite stray capacitance present, of the order of 5 pF. 

4: The Harris ICL7660S can operate without an external diode over the full temperature and voltage range. This device will function in existing designs 
which incorporate an external diode with no degradation in overall circuit performance. 

5: All significant improvements over the industry-standard ICL7660 are highlighted in bold italics. 


NOTE: All typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figures) 


OPERATING VOLTAGE AS A 
FUNCTION OF TEMPERATURE 



-55 -25 0 25 50 100 125 

TEMPERATURE(°C) — ►- 


OUTPUT SOURCE RESISTANCE AS A 
FUNCTION OF SUPPLY VOLTAGE 



0 2 4 6 a 10 12 

SUPPLY VOLTAGE (V) 

0088-6 


OUTPUT SOURCE RESISTANCE AS A 
FUNCTION OF TEMPERATURE 



TEMPERATURE (°C) 

0088-7 


POWER CONVERSION EFFICIENCY 
AS A FUNCTION OF OSC. 
FREQUENCY 


FREQUENCY OF OSCILLATION AS 
A FUNCTION OF EXTERNAL 
OSC. CAPACITANCE 


UNLOADED OSCILLATOR 
FREQUENCY 

AS A FUNCTION OF TEMPERATURE 



£ 

o 

Q- 



100 Ik 10k 50k 

OSC FREQUENCY F 0SC (Hz) 


0088-8 



1 10 100 IK 

^osc (pO 


0088-9 



-50 -25 0 25 50 75 100 125 


TEMPERATURE (°C) 

0088-10 


NOTE: All typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 3) (Continued) 


SUPPLY CURRENT & POWER 

OUTPUT VOLTAGE AS A CONVERSION EFFICIENCY AS A 

FUNCTION OF OUTPUT CURRENT FUNCTION OF LOAD CURRENT 


OUTPUT VOLTAGE AS A 
FUNCTION OF OUTPUT CURRENT 



LOAD CURRENT (mA) — *► 
0088-11 



0088-12 



0 123456789 

LOAD CURRENT (mA) 

0088-13 


SUPPLY CURRENT & POWER 
CONVERSION EFFICIENCY AS A _ 
FUNCTION OF LOAD CURRENT ® 


OUTPUT SOURCE RESISTANCE 
AS A FUNCTION OF 
OSCILLATOR FREQUENCY 



LOAD CURRENT (mA) 


OSCILLATOR FREQUENCY (Hz) 


0088-15 


2 


NOTE 6: These curves include in the supply current that current fed directly into the load F?l from V+ (see Figure 3). Thus approximately half the supply current 
goes directly to the positive side of the load, and the other half, throught the ICL7660S, to the negative side of the load. Ideally, Vqjjt ~ 2 V IN* *S “ 2 *L* 
so V, N x l s * V OUT x l L . 


NOTE: All typical values have been characterized but are not tested. 
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DETAILED DESCRIPTION 

The ICL7660S contains all the necessary circuitry to com- 
plete a negative voltage converter, with the exception of 2 
external capacitors which may be inexpensive 10ju,F polar- 
ized electrolytic types. The mode of operation of the device 
may be best understood by considering Figure 4, which 
shows an idealized negative voltage converter. Capacitor 
Ci is charged to a voltage, V+, for the half cycle when 
switches S-j and S 3 are closed. (Note: Switches S 2 and S 4 
are open during this half cycle.) During the second half cy- 
cle of operation, switches S 2 and S 4 are closed, with Si and 
S 3 open, thereby shifting capacitor Ci negatively by V+ 
volts. Charge is then transferred from Ci to C 2 such that the 
voltage on C 2 is exactly V+, assuming ideal switches and 
no load on C 2 . The ICL7660S approaches this ideal situa- 
tion more closely than existing non-mechanical circuits. 

In the ICL7660S, the 4 switches of Figure 4 are MOS 
power switches; Si is a P-channel device and S 2 , S 3 & S 4 
are N-channel devices. The main difficulty with this ap- 
proach is that in integrating the switches, the substrates of 
S 3 & S 4 must always remain reverse biased with respect to 
their sources, but not so much as to degrade their “ON” 
resistances. In addition, at circuit startup, and under output 
short circuit conditions (Vout = v+ )> the output voltage 
must be sensed and the substrate bias adjusted according- 
ly. Failure to accomplish this would result in high power 
losses and probable device latchup. 

This problem is eliminated in the ICL7660S by a logic net- 
work which senses the output voltage (Vout) together with 
the level translators, and switches the substrates of S 3 & S 4 
to the correct level to maintain necessary reverse bias. 

The voltage regulator portion of the ICL7660S is an inte- 
gral part of the anti-latchup circuitry, however its inherent 
voltage drop can degrade operation at low voltages. There- 
fore, to improve low voltage operation the “LV” pin should 
be connected to GROUND, disabling the regulator. For sup- 
ply voltages greater than 3.5 volts the LV terminal must be 
left open to insure latchup proof operation, and prevent de- 
vice damage. 



THEORETICAL POWER EFFICIENCY 
CONSIDERATIONS 

In theory a voltage converter can approach 100% effi- 
ciency if certain conditions are met: 

A The drive circuitry consumes minimal power. 

B The output switches have extremely low ON resist- 
ance and virtually no offset. 

C The impedances of the pump and reservoir capaci- 
tors are negligible at the pump frequency. 

The ICL7660S approaches these conditions for negative 
voltage conversion if large values of Ci and C 2 are used. 

ENERGY IS LOST ONLY IN THE TRANSFER OF 
CHARGE BETWEEN CAPACITORS IF A CHANGE IN 
VOLTAGE OCCURS. The energy lost is defined by: 

E = y 2 Ci (Vi2-V 2 2) 

where Vi and V 2 are the voltages on Ci during the pump 
and transfer cycles. If the impedances of Ci and C 2 are 
relatively high at the pump frequency (refer to Figure 4) 
compared to the value of R[_, there will be a substantial 
difference in the voltages Vi and V 2 . Therefore it is not only 
desirable to make C 2 as large as possible to eliminate out- 
put voltage ripple, but also to employ a correspondingly 
large value for Ci in order to achieve maximum efficiency of 
operation. 

DO’S AND DON’TS 

1 . Do not exceed maximum supply voltages. 

2. Do not connect LV terminal to GROUND for supply 
voltages greater than 3.5 volts. 

3. Do not short circuit the output to V+ supply for supply 
voltages above 5.5 volts for extended periods, however, 
transient conditions including startup are okay. 

4. When using polarized capacitors, the + terminal of C<| 
must be connected to pin 2 of the ICL7660 and the 
+ terminal of C 2 must be connected to GROUND. 

5. If the voltage supply driving the 7660S has a large 
source impedance (25 - 30 ohms), then a 2.2pF capaci- 
tor from pin 8 to ground may be required to limit rate of 
rise of input voltage to less than 2 V/ps. 

6 . User should insure that the output (pin 5) does not go 
more positive than GND (pin 3). Device latch up will 
occur under these conditions. 

A 1N914 or similar diode placed in parallel with C 2 will 
prevent the device from latching up under these 
conditions. (Anode pin 5, Cathode pin 6 ). 


NOTE: All typical values have been characterized but are not tested. 
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NOTE: All typical values have been characterized but are not tested. 
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‘NOTE 1: Vqut = -nV+ for 1.5V £ V+ £ 12 V. 

Figure 8: Cascading Devices for Increased Output Voltage 


0088-20 


TYPICAL APPLICATIONS 


Simple Negative Voltage Converter 

The majority of applications will undoubtedly utilize the 
ICL7660S for generation of negative supply voltages. Figure 
5 shows typical connections to provide a negative supply 
where a positive supply of + 1.5V to +12V is available. 
Keep in mind that pin 6 (LV) is tied to the supply negative 
(GND) for supply voltages below 3.5 volts. 


The output characteristics of the circuit in Figure 5a can 
be approximated by an ideal voltage source in series with a 
resistance as shown in Figure 5b. The voltage source has a 
value of ~(V+). The output impedance (R 0 ) is a function of 
the ON resistance of the internal MOS switches (shown in 
Figure 4), the switching frequency, the value of Cl and C2, 
and the ESR (equivalent series resistance) of Cl and C2. A 
good first order approximation for R 0 is: 


Ro-2(RsW1 +RsW3 + ESRci) + 2(RsW2 + RsW4 + 


ESRci) + 


1 

fpUMpXCI 


+ ESRc2 


fosc 

(fpuMP = R swx = MOSFET switch resistance) 


Combining the four Rswx terms as Rsw> we see that'- 
R 0 = 2XRsw + ~T^7 + 4x ESRci + ESRq 2 ft 

fpUMP x Cl 

Rsw. the total switch resistance, is a function of supply 
voltage and temperature (See the Output Source Resist- 
ance graphs), typically 23ft @ 25°C and 5V. Careful selec- 
tion of Cl and C2 will reduce the remaining terms, minimiz- 
ing the output impedance. High value capacitors will reduce 
the 1 /(fpuMP X Cl) component, and low ESR capacitors will 
lower the ESR term. Increasing the oscillator frequency will 
reduce the 1 /(fpuMP x Cl) term, but may have the side ef- 
fect of a net increase in output impedance when Cl > 
10 julF and there is no longer enough time to fully charge the 
capacitors every cycle. In a typical application where fosc 
= 10 kHz and C = C1 =C2= 10 julF: 


R 0 ~2X23 + 


1 


(5X103x10X10-6) 

R 0 = 46 + 20 + 5XESR c ft 


+ 4XESRqi + ESRq2 


Since the ESRs of the capacitors are reflected in the out- 
put impedance multiplied by a factor of 5, a high value could 
potentially swamp out a low 1 /(fpuMP x Cl) term, rendering 
an increase in switching frequency or filter capacitance inef- 
fective. Typical electrolytic capacitors may have ESRs as 
high as 1 0ft. 

Output Ripple 

ESR also affects the ripple voltage seen at the output. 
The total ripple is determined by 2 voltages, A and B, as 
shown in Figure 6. Segment A is the voltage drop across 
the ESR of C2 at the instant it goes from being charged by 
Cl (current flowing into C2) to being discharged through the 
load (current flowing out of C2). The magnitude of this cur- 
rent change is 2XIout. hence the total drop is 
2 xIout x ESRq 2 volts. Segment B is the voltage change 
across C2 during time t 2 , the half of the cycle when C2 
supplies current to the load. The drop at B is louT x t2/C2 
volts. The peak-to-peak ripple voltage is the sum of these 
voltage drops: 

Vri PP' e “ ( 2 xf PU lpXC2 + 2XESR ° 2 ) X ' 0UT 
Again, a low ESR capacitor will result in a higher perform- 
ance output. 

Paralleling Devices 

Any number of ICL7660S voltage converters may be par- 
alleled to reduce output resistance. The reservoir capacitor, 
C 2 , serves all devices while each device requires its own 
pump capacitor, Ci. The resultant output resistance would 
be approximately: 


_ Rout (of ICL7660S) 

UT n (number of devices) 

Cascading Devices 

The ICL7660S may be cascaded as shown to produce 
larger negative multiplication of the initial supply voltage. 
However, due to the finite efficiency of each device, the 
practical limit is 1 0 devices for light loads. The output volt- 
age is defined by: 

Vout= -n (V| N ), 


NOTE: All typical values have been characterized but are not tested. 
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where n is an integer representing the number of devices 
cascaded. The resulting output resistance would be approx- 
imately the weighted sum of the individual ICL7660S Rout 
values. 

Changing the ICL7660S Oscillator 
Frequency 

It may be desirable in some applications, due to noise or 
other considerations, to alter the oscillator frequency. This 
can be achieved simply by one of several methods de- 
scribed below. 

By connecting the Boost Pin (Pin 1) to V + , the oscillator 
charge and discharge current is increased and, hence, the 
oscillator frequency is increased by approximately 3 y 2 
times. The result is a decrease in the output impedance and 
ripple. This is of major importance for surface-mount appli- 
cations where capacitor size and cost are critical. Smaller 
capacitors, e.g. 0.1 jaF, can be used in conjunction with the 
Boost Pin in order to achieve similar output currents com- 
pared to the device free running with C-| = C2 = 10 juF or 
100 juF. (Refer to graph of Output Source Resistance as a 
Function of Oscillator Frequency). 

Increasing the oscillator frequency can also be achieved 
by overdriving the oscillator from an external clock, as 
shown in Figure 9. In order to prevent device latchup, a 
100 k a resistor must be used in series with the clock out- 
put. In a situation where the designer has generated the 
external clock frequency using TTL logic, the addition of a 
10 kft pullup resistor to V+ supply is required. Note that the 
pump frequency with external clocking, as with internal 
clocking, will be y 2 of the clock frequency. Output tran- 
sitions occur on the positive-going edge of the clock. 



It is also possible to increase the conversion efficiency of 
the ICL7660S at low load levels by lowering the oscillator 
frequency. This reduces the switching losses, and is shown 
in Figure 10. However, lowering the oscillator frequency will 
cause an undesirable increase in the impedance of the 
pump (C-|) and reservoir (C2) capacitors; this is overcome 
by increasing the values of and C2 by the same factor 
that the frequency has been reduced. For example, the ad- 
dition of a lOOpF capacitor between pin 7 (Osc) and V+ will 
lower the oscillator frequency to 1 kHz from its nominal fre- 
quency of 10kHz (a multiple of 10), and thereby necessitate 
a corresponding increase in the value of Ci and C2 (from 
IOjliF to IOOjliF). 




Positive Voltage Doubling 

The ICL7660S may be employed to achieve positive volt- 
age doubling using the circuit shown in Figure 11. In this 
application, the pump inverter switches of the ICL7660S are 
used to charge Ci to a voltage level of V+ — Vp (where V+ 
is the supply voltage and Vp is the forward voltage drop of 
diode D-|). On the transfer cycle, the voltage on C-j plus the 
supply voltage (V+) is applied through diode D2 to capaci- 
tor C2. The voltage thus created on C2 becomes 
(2V + ) — (2Vp) or twice the supply voltage minus the com- 
bined forward voltage drops of diodes Di and D2. 

The source impedance of the output (Vqut) will depend 
on the output current, but for V+ =5 volts and an output 
current of 10mA it will be approximately 60 ohms. 

Combined Negative Voltage Conversion 
and Positive Supply Doubling 

Figure 1 2 combines the functions shown in Figures 5 and 
1 1 to provide negative voltage conversion and positive volt- 
age doubling simultaneously. This approach would be, for 
example, suitable for generating +9 volts and -5 volts 
from an existing +5 volt supply. In this instance capacitors 
C-i and C3 perform the pump and reservoir functions re- 
spectively for the generation of the negative voltage, while 
capacitors C2 and C4 are pump and reservoir respectively 
for the doubled positive voltage. There is a penalty in this 
configuration which combines both functions, however, in 
that the source impedances of the generated supplies will 
be somewhat higher due to the finite impedance of the 
common charge pump driver at pin 2 of the device. 


NOTE: All typical values have been characterized but are not tested. 
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Voltage Splitting 

The bidirectional characteristics can also be used to split 
a higher supply in half, as shown in Figure 13. The com- 
bined load will be evenly shared between the two sides, and 
a high value resistor to the LV pin ensures start-up. Be- 
cause the switches share the load in parallel, the output 
impedance is much lower than in the standard circuits, and 
higher currents can be drawn from the device. By using this 
circuit, and then the circuit of Figure 8, +1 5V can be con- 
verted (via +7.5, and -7.5) to a nominal -15V, although 
with rather high series output resistance (~250fl). 



Figure 13: Splitting A Supply in Half 


Regulated Negative Voltage Supply 

In some cases, the output impedance of the ICL7660S 
can be a problem, particularly if the load current varies sub- 
stantially. The circuit of Figure 14 can be used to overcome 
this by controlling the input voltage, via an ICL761 1 low- 
power CMOS op amp, in such a way as to maintain a nearly 
constant output voltage. Direct feedback is inadvisable, 
since the ICL7660S’s output does not respond instanta- 
neously to change in input, but only after the switching de- 
lay. The circuit shown supplies enough delay to accommo- 
date the 7660S, while maintaining adequate feedback. An 
increase in pump and storage capacitors is desirable, and 
the values shown provides an output impedance of less 
than 5ft to a load of 10mA. 

OTHER APPLICATIONS 


Further information on the operation and use of the 
ICL7660S may be found in A051 “Principals and Applica- 
tions of the ICL7660 CMOS Voltage Converter”. 




Figure 15: RS232 Levels From A Single 5V Supply 


NOTE: All typical values have been characterized but are not tested. 
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CMOS Voltage Converter 


GENERAL DESCRIPTION 

The Harris ICL7662 is a monolithic high-voltage CMOS 
power supply circuit which offers unique performance ad- 
vantages over previously available devices. The ICL7662 
performs supply voltage conversion from positive to nega- 
tive for an input range of + 4.5V to + 20.0V, resulting in 
complementary output voltages of -4.5V to -20V. Only 2 
non-critical external capacitors are needed for the charge 
pump and charge reservoir functions. The ICL7662 can also 
function as a voltage doubler, and will generate output volt- 
ages up to + 38.6V with a + 20V input. 

Contained on chip are a series DC power supply regula- 
tor, RC oscillator, voltage level translator, four output power 
MOS switches. A unique logic element senses the most 
negative voltage in the device and ensures that the output 
N-channel switch source-substrate junctions are not for- 
ward biased. This assures latchup free operation. 

The oscillator, when unloaded, oscillates at a nominal fre- 
quency of 10kHz for an input supply voltage of 15.0 volts. 
This frequency can be lowered by the addition of an exter- 
nal capacitor to the “OSC” terminal, or the oscillator may 
be overdriven by an external clock. 

The “LV” terminal may be tied to GROUND to bypass the 
internal series regulator and improve low voltage (LV) oper- 
ation. At medium to high voltages (+10 to +20V), the LV 
pin is left floating to prevent device latchup. 


FEATURES 

• No External Diode Needed Over Entire Temperature 
Range 

• Pin Compatible With ICL7660 

• Simple Conversion of + 15V Supply to -15V Supply 

• Simple Voltage Multiplication (Vout = (“) nV lN) 

• 99.9% Typical Open Circuit Voltage Conversion 
Efficiency 

• 96% Typical Power Efficiency 

• Wide Operating Voltage Range 4.5V to 20.0V 

• Easy to Use — Requires Only 2 External Non-Critical 
Passive Components 

APPLICATIONS 

• On Board Negative Supply for Dynamic RAMs 

• Localized ju-Processor (8080 Type) Negative 
Supplies 

• Inexpensive Negative Supplies 

• Data Acquisition Systems 

• Up to -20V for Op Amps 

ORDERING INFORMATION 


Part Number 

Temperature Range 

Package 

ICL7662CTV 

0°C to +70°C 

TO-99 

ICL7662CPA 

0°C to +70°C 

8 Pin Mini DIP 

ICL7662CBD 

0°C to +70°C 

14 Pin SOIC 

ICL7662MTV* 

-55°C to +1 25°C 

TO-99 


*Add /883B to Part Number for 883B Processing. 




HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 302064-005 


NOTE: All typical values have been characterized but are not tested. 


2-115 


POWER PROCESSING 
CIRCUITS 




ICL7662 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 22V 

Oscillator Input Voltage (Note 1) 

-0.3V to (V+ + 0.3V) for V+< 10V 
(V + -10V) to (V+ + 0.3V) for V+> 10V 

Current into LV (Note 1) 20 jliA for V + > 1 0V 

Output Short Duration Continuous 


Power Dissipation (Note 2) 

ICL7662CTY 500mW 

ICL7662CPA 300mW 

ICL7662MTY 500mW 

Lead Temperature (Soldering, lOsec) 300°C 


NOTE: Stresses above those listed under Absolute Maximum Ratings ” ma y cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS V + = 15V, Ta=25°C, Cosc =0 > unless otherwise stated. Test Circuit 
Figure 3. 



Parameter 


Limits 

mm 








■HH 

V+L 

Supply Voltage Range- Lo 

R L =10kft, LV = GND 

Min<TA<Max 

4.5 


11 

V 

V+H 

Supply Voltage Range-Hi 

R|_= 1 Okft, LV = Open 

Min<TA<Max 

9 


20 

V 

1 + 

Supply Current 

R|_= 00 , LV = Open 

T a = 25°C 


.25 

.60 





0°C<T a < + 70°C 


.30 

.85 

mA 




— 55°C<T a < + 125°C 


.40 

1.0 


R 0 

Output Source Resistance 

l o =20mA, LV = Open 

T a = 25°C 


60 

100 





0°C<T a < + 70°C 


70 

120 

ft 




— 55°C<T a < + 125°C 


90 

150 


1 + 

Supply Current 

> 

in 

II 

+ 

> 

T a = 25°C 


20 

150 




R L =oo,LV = GND 

0°C<T a < + 70°C 


25 

200 

jllA 




— 55°C<T a < + 125°C 


30 

250 


R 0 

Output Source Resistance 

< 

+ 

II 

U1 

< 

T a = 25°C 


125 

200 




l 0 = 3mA, LV = GND 

0°C<T a < + 70°C 


150 

250 

ft 




— 55°C<T a < + 125°C 


200 

350 


Rose 

Oscillator Frequency 



10 


kHz 

p eff 

Power Efficiency 

R L = 2Kft 

T a = 25°C 

93 

96 


% 




Min<TA<Max 

90 

95 


v oEf 

Voltage Conversion Effic. 

R L = °o 

Min<TA<Max 

97 

99.9 


% 

lose 

Oscillator Sink or Source 

V +=5V (V osc =0Vto +5V) 


0.5 


juA 


Current 

V+ = 1 5V (V osc = + 5V to + 1 5V) 


4.0 



NOTES: 1. Connecting any terminal to voltages greater than V+ or less than ground may cause destructive latchup. It is recommended that no inputs from 
sources operating from external supplies be applied prior to “power up” of the ICL7662. 

2. Derate linearly above 50°C by 5.5mW/°C. 

3. Pin 1 is a Test pin and is not connected in normal use. When the TEST pin is connected to V+ , an internal transmission gate disconnects any external 
parasitic capacitance from the oscillator which would otherwise reduce the oscillator frequency from its nominal value. 



NOTE: All typical values have been characterized but are not tested. 
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OSCILLATOR FREQUENCY (kHz) OUTPUT RESISTANCE (A) OUTPUT RESISTANCE (fl) 


ICL7662 


TYPICAL PERFORMANCE CHARACTERISTICS (See Test Circuit of Figure 3) 


OUTPUT SOURCE RESISTANCE AS 



OUTPUT SOURCE RESISTANCE AS 



0 2 4 6 8 10 12 14 16 18 20 


0 2 4 6 8 10 12 14 16 18 20 


V+ VOLTS 


0320-4 


V+ VOLTS 


0320-5 


OUTPUT SOURCE RESISTANCE AS 
A FUNCTION OF TEMPERATURE 



-55 -20 0 +25 +70 +125 


POWER CONVERSION EFFICIENCY 
AND OUTPUT SOURCE RESISTANCE 



100 IK _ 10K 100K 

Fqsc(Hz) 


TEMPERATURE (°C) 


0320-6 


0320-7 


OSCILLATOR FREQUENCY 



0 2 4 6 8 10 12 14 16 18 20 


FREQUENCY OF OSCILLATION 
AS A FUNCTION OF EXTERNAL 



SUPPLY VOLTAGE (V) 

0320-8 


NOTE: AH typical values have been characterized but are not tested. 
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OUTPUT RESISTANCE (0) 




POWER CONVERSION EFFICIENCY (%) 
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TYPICAL PERFORMANCE CHARACTERISTICS (See Test Circuit of Figure 3) (Continued) 



-55 -20 0 +25 +70 +125 

TEMPERATURE (°C) 


0320-10 


OUTPUT VOLTAGE AS A 



LOAD CURRENT l L (mA) 

0320-11 


OUTPUT VOLTAGE AS A 
FUNCTION OF LOAD CURRENT 



0 2 4 6 8 10 12 14 16 18 20 


LOAD CURRENT l L (mA) 

0320-12 


SUPPLY CURRENT & POWER 
CONVERSION EFFICIENCY AS A 



2 4 6 8 10 12 14 16 18 20 
LOAD CURRENT l L (mA) 
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SUPPLY CURRENT & POWER 
CONVERSION EFFICIENCY AS A 


FUNCTION OF LOAD CURRENT 



FREQUENCY OF OSCILLATION AS A 
FUNCTION OF SUPPLY VOLTAGE 



0 2 4 6 8 10 12 14 16 18 20 


LOAD CURRENT l L (mA) 


0320-14 


SUPPLY VOLTAGE (V) 


0320-15 


NOTE: All typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE 
CHARACTERISTICS 

(See Test Circuit of Figure 3) (Continued) 

SUPPLY CURRENT AS A FUNCTION OF 



10 100 IK 10K 


OSCILLATOR FREQUENCY (Hz) 

0320-16 

NOTE 4. 

Note that these curves include in the supply current that current fed directly 
into the load R|_ from V+ (see Figure 3). Thus, approximately half the supply 
current goes directly to the positive side of the load, and the other half, 
through the ICL7662, to the negative side of the load. Ideally, V|_oad s 
2V|n, Is - 2 II, so Vim • Is = V|_0AD * <L 

CIRCUIT DESCRIPTION 

The ICL7662 contains all the necessary circuitry to com- 
plete a negative voltage converter, with the exception of 2 
external capacitors which may be inexpensive IOjuF polar- 
ized electrolytic capacitors. The mode of operation of the 
device may be best understood by considering Figure 4, 
which shows an idealized negative voltage converter. Ca- 
pacitor Ci is charged to a voltage, V + , for the half cycle 
when switches Si and S 3 are closed. (Note: Switches S 2 
and S 4 are open during this half cycle.) During the second 
half cycle of operation, switches S 2 and S 4 are closed, with 
Si and S 3 open, thereby shifting capacitor Ci negatively by 
V+ volts. Charge is then transferred from Ci to C 2 such 
that the voltage on C 2 is exactly V+, assuming ideal 
switches and no load on C 2 . The ICL7662 approaches this 
ideal situation more closely than existing non-mechanical 
circuits. 

In the ICL7662, the 4 switches of Figure 4 are MOS pow- 
er switches; Si is a P-channel device and S 2 , S 3 & S 4 are 
N-channel devices. The main difficulty with this approach is 
that in integrating the switches, the substrates of S 3 & S 4 
must always remain reverse biased with respect to their 
sources, but not so much as to degrade their “ON” resist- 
ances. In addition, at circuit startup, and under output short 
circuit conditions (Vout = V + ). the output voltage must be 
sensed and the substrate bias adjusted accordingly. Failure 
to accomplish this would result in high power losses and 
probable device latchup. 


This problem is eliminated in the ICL7662 by a logic net- 
work which senses the output voltage (Vqut) together with 
the level translators, and switches the substrates of S 3 & S 4 
to the correct level to maintain necessary reverse bias. 

The voltage regulator portion of the ICL7662 is an integral 
part of the anti-latchup circuitry, however its inherent volt- 
age drop can degrade operation at low voltages. Therefore, 
to improve low voltage operation the “LV” pin should be 
connected to GROUND, disabling the regulator. For supply 
voltages greater than 1 1 volts the LV terminal must be left 
open to insure latchup proof operation, and prevent device 
damage. 



NOTE: All typical values have been characterized but are not tested. 
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THEORETICAL POWER EFFICIENCY 
CONSIDERATIONS 

in theory a voltage multiplier can approach 100% efficien- 
cy if certain conditions are met: 

A The drive circuitry consumes minimal power 
B The output switches have extremely low ON resist- 
ance and virtually no offset. 

C The impedances of the pump and reservoir capaci- 
tors are negligible at the pump frequency. 

The ICL7662 approaches these conditions for negative 
voltage multiplication if large values of C-j and C 2 are used. 

ENERGY IS LOST ONLY IN THE TRANSFER OF 
CHARGE BETWEEN CAPACITORS IF A CHANGE IN 
VOLTAGE OCCURS. The energy lost is defined by: 
E=i/ 2 C 1 (V 1 2— V 2 2) 

where Vi and V 2 are the voltages on Ci during the pump 
and transfer cycles. If the impedances of Ci and C 2 are 
relatively high at the pump frequency (refer to Figure 4) 
compared to the value of R|_, there will be a substantial 
difference in the voltages Vi and V 2 . Therefore it is not only 
desirable to make C 2 as large as possible to eliminate out- 
put voltage ripple, but also to employ a correspondingly 
large value for Ci in order to achieve maximum efficiency of 
operation. 

DO’S AND DON’TS 

1. Do not exceed maximum supply voltages. 

2. Do not connect LV terminal to GROUND for supply 
voltages greater than 1 1 volts. 

3. When using polarized capacitors, the + terminal of C-j 
must be connected to pin 2 of the ICL7662 and the 
+ terminal of C 2 must be connected to GROUND. 

4. If the voltage supply driving the 7662 has a large source 
impedance (25 - 30 ohms), then a 2.2jiF capacitor from 
pin 8 to ground may be required to limit rate of rise of 
input voltage to less than 2V/^i$. 

5. User should insure that the output (pin 5) does not go 
more positive than GND (pin 3). Device latch up will 
occur under these conditions. 

A 1N914 or similar diode placed in parallel with C 2 will 
prevent the device from latching up under these 
conditions. (Anode pin 5, Cathode pin 6). 


TYPICAL APPLICATIONS 
Simple Negative Voltage Converter 

The majority of applications will undoubtedly utilize the 
ICL7662 for generation of negative supply voltages. Figure 
5 shows typical connections to provide a negative supply 
where a positive supply of +4.5V to 20.0V is available. 
Keep in mind that pin 6 (LV) is tied to the supply negative 
(GND) for supply voltages below 11 volts. 

The output characteristics of the circuit in Figure 5a can 
be approximated by an ideal voltage source in series with a 
resistance as shown in Figure 5b. The voltage source has a 
value of — (V + ). The output impedance (R 0 ) is a function of 
the ON resistance of the internal MOS switches (shown in 
Figure 4), the switching frequency, the value of Cl and C2, 
and the ESR (equivalent series resistance) of Cl and C2. A 
good first order approximation for R 0 is: 

Ro “ 2 (Rswi + RSW3 + ESRci) 

+ 2(Rsw2 + RSW4 + ESRci) + + ESR C 2 

f PUMP xc1 

fosc 

(fpUMP = ~2 "1 Rswx = MOSFET switch resistance) 
Combining the four Rswx terms as Rsw. we see that: 

R 0 = 2xRsw + : Z'n * + 4 X ESRqi + ESRc2 ^ 

tpUMP x Cl 

Rsw. the total switch resistance, is a function of supply 
voltage and temperature (See the Output Source Resist- 
ance graphs), typically 24fl @ 25°C and 15V, and 53H @ 
25°C and 5V. Careful selection of Cl and C2 will reduce the 
remaining terms, minimizing the output impedance. High 
value capacitors will reduce the 1 /(fpuMP x Cl) compo- 
nent, and low ESR capacitors will lower the ESR term. In- 
creasing the oscillator frequency will reduce the 1 /(fpuMP x 
Cl) term, but may have the side effect of a net increase in 
output impedance when Cl > 10 ju.F and there is no longer 
enough time to fully charge the capacitors every cycle. In a 
typical application where fosc —10 kHz and C = Cl = C2 
= 10 julF: 
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Since the ESRs of the capacitors are reflected in the out- 
put impedance multiplied by a factor of 5, a high value could 
potentially swamp out a low 1/(fpuMP x Cl) term, render- 
ing an increase in switching frequency or filter capacitance 
ineffective. Typical electrolytic capacitors may have ESRs 
as high as 10ft. 

Output Ripple 

ESR also affects the ripple voltage seen at the output. 
The total ripple is determined by 2 voltages, A and B, as 
shown in Figure 6. Segment A is the voltage drop across 
the ESR of C2 at the instant it goes from being charged by 
Cl (current flowing into C2) to being discharged through the 
load (current flowing out of C2). The magnitude of this cur- 
rent change is 2 X Iqut. hence the total drop is 2 X Iqut 
X ESRc 2 volts. Segment B is the voltage change across 
C2 during time X 2 , the half of the cycle when C2 supplies 
current to the load. The drop at B is Iout x t2/C2 volts. 
The peak-to-peak ripple voltage is the sum of these voltage 
drops: 

Vri »» le 3 ( 2 "WXC2 + 2 X ESRC2 ) X ' 0UT 


Again, a low ESR capacitor will result in a higher perform- 
ance output. 

Paralleling Devices 

Any number of ICL7662 voltage converters may be paral- 
leled to reduce output resistance. The reservoir capacitor, 
C 2 , serves all devices while each device requires its own 
pump capacitor, C-|. The resultant output resistance would 
be approximately 

R Rout (of ICL7662) 

0UT n (number of devices) 

Cascading Devices 

The ICL7662 may be cascaded as shown to produce larg- 
er negative multiplication of the initial supply voltage. How- 
ever, due to the finite efficiency of each device, the practical 
limit is 10 devices for light loads. The output voltage is de- 
fined by: 

v OUT= -n (V| N ), 

where n is an integer representing the number of devices 
cascaded. The resulting output resistance would be approx- 
imately the weighted sum of the individual ICL7662 Rout 
values. 




NOTE: All typical values have been characterized but are not tested. 
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v+ v+ 



Changing the ICL7662 Oscillator 
Frequency 

It may be desirable in some applications, due to noise or 
other considerations, to increase the oscillator frequency. 
This is achieved by overdriving the oscillator from an exter- 
nal clock, as shown in Figure 9. In order to prevent possible 
device latchup, a lOOkfl resistor must be used in series with 
the clock output. In the situation where the designer has 
generated the external clock frequency using TTL logic, the 
addition of a 10kn pullup resistor to V+ supply is required. 
Note that the pump frequency with external clocking, as 
with internal clocking, will be y 2 of the clock frequency. Out- 
put transitions occur on the positive-going edge of the 
clock. 


It is also possible to increase the conversion efficiency of 
the ICL7662 at low load levels by lowering the oscillator 
frequency. This reduces the switching losses, and is 
achieved by connecting an additional capacitor, Cqsc> as 
shown in Figure 10. However, lowering the oscillator fre- 
quency will cause an undesirable increase in the impedance 
of the pump (C-|) and reservoir (C 2 ) capacitors; this is over- 
come by increasing the values of Ci and C 2 by the same 
factor that the frequency has been reduced. For example, 
the addition of a lOOpF capacitor between pin 7 (Osc) and 
V+ will lower the oscillator frequency to 1 kHz from its nomi- 
nal frequency of 10kHz (a multiple of 10), and thereby ne- 
cessitate a corresponding increase in the value of Ci and 
C 2 (from 1 0 /llF to IOOjliF). 



NOTE: All typical values have been characterized but are not tested. 
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Positive Voltage Doubling 

The ICL7662 may be employed to achieve positive volt- 
age doubling using the circuit shown in Figure 11. In this 
application, the pump inverter switches of the ICL7662 are 
used to charge Ci to a voltage level of V+ — Vp (where V + 
is the supply voltage and Vp is the forward voltage drop of 
diode Di). On the transfer cycle, the voltage on C-| plus the 
supply voltage (V + ) is applied through diode D 2 to capaci- 
tor C 2 . The voltage thus created on C 2 becomes 
(2V+) — (2Vp) or twice the supply voltage minus the com- 
bined forward voltage drops of diodes Di and D 2 . 

The source impedance of the output (Vqut) will depend 
on the output current, but for V+ =15 volts and an output 
current of 10mA it will be approximately 70 ohms. 



Combined Negative Voltage Conversion 
and Positive Supply Doubling 

Figure 12 combines the functions shown in Figures 5 and 
1 1 to provide negative voltage conversion and positive volt- 
age doubling simultaneously. This approach would be, for 
example, suitable for generating +9 volts and -5 volts 
from an existing +5 volt supply. In this instance capacitors 
Ci and C 3 perform the pump and reservoir functions re- 
spectively for the generation of the negative voltage, while 
capacitors C 2 and C 4 are pump and reservoir respectively 
for the doubled positive voltage. There is a penalty in this 
configuration which combines both functions, however, in 
that the source impedances of the generated supplies will 
be somewhat higher due to the finite impedance of the 
common charge pump driver at pin 2 of the device. 



Voltage Splitting 

The bidirectional characteristics can also be used to split 
a higher supply in half, as shown in Figure 13. The com- 
bined load will be evenly shared between the two sides and, 
a high value resistor to the LV pin ensures start-up. Be- 
cause the switches share the load in parallel, the output 
impedance is much lower than in the standard circuits, and 
higher currents can be drawn from the device. By using this 
circuit, and then the circuit of Figure 8 , -F30V can be con- 
verted (via + 15V, and -15V) to a nominal -30V, although 
with rather high series output resistance (~ 250ft). 



Regulated Negative Voltage Supply 

In some cases, the output impedance of the ICL7662 can 
be a problem, particularly if the load current varies substan- 
tially. The circuit of Figure 14 can be used to overcome this 
by controlling the input voltage, via an ICL7611 low-power 
CMOS op amp, in such a way as to maintain a nearly con- 
stant output voltage. Direct feedback is inadvisable, since 
the ICL7662’s output does not respond instantaneously to a 
change in input, but only after the switching delay. The cir- 
cuit shown supplies enough delay to accommodate the 
7662, while maintaining adequate feedback. An increase in 
pump and storage capacitors is desirable, and the values 
shown provides an output impedance of less than 5ft to a 
load of 10mA. 



OTHER APPLICATIONS 

Further information on the operation and use of the 
ICL7662 may be found in A051 “Principals and Applications 
of the ICL7660 CMOS Voltage Converter”. 



NOTE: All typical values have been characterized but are not tested. 
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GENERAL DESCRIPTION 

The Harris ICL7663S Super Programmable Micropower 
Voltage Regulator is a low power, high efficiency positive 
voltage regulator which accepts 1 .6V to 16V inputs and pro- 
vides adjustable outputs from 1.3V to 16V at currents up to 
40 mA. 

It is a direct replacement for the industry standard 
ICL7663B offering wider operating voltage and temperature 
ranges, improved output accuracy (ICL7663SA), better 
temperature coefficient, guaranteed maximum supply cur- 
rent, and guaranteed line and load regulation. All improve- 
ments are highlighted in bold italics in the electrical char- 
acteristics section. Critical parameters are guaranteed 
over the entire commercial and industrial temperature 
ranges. The ICL7663S/SA programmable output voltage is 
set by two external resistors. The 1 % reference accuracy of 
the ICL7663SA eliminates the need for trimming the output 
voltage in most applications. 

The ICL7663S is well suited for battery powered supplies, 
featuring 4 juA quiescent current, low Vin to Vqut differen- 
tial, output current sensing and logic input level shutdown 
control. In addition, the ICL7663S has a negative tempera- 
ture coefficient output suitable for generating a temperature 
compensated display drive voltage for LCD displays. 

The ICL7663S is available in either an 8-pin plastic, CER- 
DIP, or SOIC package. 


Top View 


SENSE [T 



3 V| N + 

v OUT2 |j2~ 



3 V TC 

V OUT1 QE 



3 V SET 

GND [T 



T] SHDN 
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SENSE [T 


3 V| N + 

V OUT2 [~2~ 


3 V TC 

V OUT1 GE 


3 V SET 

GND [T 


~5~1 SHDN 
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Figure 1: Pin Configurations 


ICL7663S 

Programmable Micropower 
Positive Voltage Regulator 

FEATURES 

• Guaranteed 10 jliA Maximum Quiescent Current over 
4// Temperature Ranges 

• Wider Operating Voltage Range— 1.6V to 16V 

• Guaranteed Line and Load Regulation over Entire 
Operating Temperature Range 

Optional 

• 1 % Output Voltage Accuracy (ICL7663SA) 

• Output Voltage Programmable from 1.3V to 16V 

• Improved Temperature Coefficient of Output Voltage 

• 40 mA Minimum Output Current with Current Limiting 

• Output Voltages with Programmable Negative 
Temperature Coefficients 

• Output Shutdown via Current-Limit Sensing or 
External Logic Level 

• Low Input-to-Output Voltage Differential 

• Improved Direct Replacement for Industry Standard 
ICL7663B and Other Second-Source Products 

APPLICATIONS 

• Low-Power Portable Instrumentation 

• Pagers 

• Handheld Instruments 

• LCD Display Modules 

• Remote Data Loggers 

• Battery-Powered Systems 

ORDERING INFORMATION 


Part 

Number 

Temperature 

Range 

Package 

ICL7663SCBA 

ICL7663SCPA 

ICL7663SCJA 

ICL7663SACPA 

ICL7663SACJA 

0°C to +70°C 

8 Lead SOIC 

8 Lead Minidip 

8 Lead CERDIP 

8 Lead Minidip 

8 Lead CERDIP 

ICL7663SIBA 

ICL7663SIPA 

ICL7663SIJA 

ICL7663SAIPA 

ICL7663SAIJA 

— 25°C to + 85°C 

8 Lead SOIC 

8 Lead Minidip 

8 Lead CERDIP 

8 Lead Minidip 

8 Lead CERDIP 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 3021 66-002 


NOTE: All typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 


Input Supply Voltage + 1 8V 

Any Input or Output Voltage (Note 1) 

(Terminals 1, 2, 3, 5, 6, 7) (V|n + 0.3) 

to (GND - 0.3)V 

Output Source Current 

(Terminal 2) 50 mA 

(Terminal 3) 25 mA 

Output Sinking Current 

(Terminal 7) -10 mA 

Lead Temperature (Soldering, 10 sec.) 300°C 

Storage Temperature Range -65°C to + 150°C 

Operating Temperature Range 

ICL7663SC 0°C to +70°C 

ICL7663SI — 25°C to +85°C 

Total Power Dissipation (Note 2) 

SOIC 200 mW 

Minidip 200 mW 

CERDIP 500 mW 


NOTE: Stresses above those listed under ‘‘Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS Specifications below applicable to both ICL7663S and ICL7663SA unless 
otherwise stated. V+in = 9V, Vqut = 5V, T A = 25°C, unless otherwise stated. See Test Circuit, Figure 3. 


Symbol 


Test Conditions 

Limits 









V + IN 

Input Voltage 

ICL7663S 

T a = 25°C 

1.5 


16 

V 



0°C < T A < + 70°C 

1.6 


16 

V 



— 25°C < T A < + 85°C 

ICL7663SA 

1.6 


16 




0°C < T A < +70°C 

1.6 


16 

V 



— 25°C <T a < +85°C 

1.6 


16 


Iq 

Quiescent Current 

1.4V £ V 0UT ^ 8.5V, No Load 

V + in = 9V, 0°C <T a < 70°C 



10 

jaA 



— 25°C <T A < + 85°C 



10 




V + in = 16V, 0°C < T A < +70°C 



12 

jllA 



— 25°C < T A < +85°C 



12 


V SET 

Reference Voltage 

loUTI = 1°° pA Vqut = VSET 

ICL7663S T a = 25°C 

1.2 

1.3 

1.4 

V 



ICL7663SA T A = 25°C 

1.275 

1.29 

1.305 

V 

AVseT 

Temperature 

0°C < T A < + 70°C 


100 


ppm 

AT 

Coefficient 

— 25°C < T A < + 85°C 


100 


ppm 

AVset 

Line Regulation 

2V < V IN < 15V 





V S ET’ AV| N 


0°C < T A < 4- 70°C 


0.03 


%/V 



— 25°C < T A < + 85°C 


0.03 

0.3 

%/V 

•set 

V set input Current 

0°C < T A < + 70°C 


0.01 

10 

nA 



— 25°C < T A < + 85°C 


0.01 

10 

nA 


NOTE: 1. Connecting any terminal to voltages greater than (V+in + 0.3V) or less than (GND - 0.3V) may cause destructive device latch-up. It is recommended 
that no inputs from sources operating on external power supplies be applied prior to ICL7663S power-up. 

2. Derate linearly above 50°C at 5 mW/°C for Plastic Minidip, 7.5 mW/°C for TO-99 can, and 10 mW/°C for CERDIP. 
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ELECTRICAL CHARACTERISTICS Specifications below applicable to both ICL7663S and ICL7663SA unless 
otherwise stated. V + in = 9V, Vqut = 5V, Ta = 25°C, unless otherwise stated. See Test Circuit, Figure 3. 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Typ 

Max 

■SHDN 

Shutdown Input Current 



±0.01 

10 

nA 

VSHDN 

Shutdown Input Voltage 

Vshdn HI: Both Vqut Disabled 

1.4 



V 



Vshdn LO: Both Vqut Enable 



0.3 

V 

■sense 

Sense Pin 

Input Current 



0.01 

10 

nA 

VCL 

Sense Pin 

Input Threshold 



0.5 


V 

R SAT 

Input-Output 

V+in = 2 V, Iouti = 1 mA 


170 

350 

a 


Saturation Resistance 

V+| N = 9 V. Iouti = 2 mA 


50 

100 

a 


(Note 3) 

V+in = 15V, Iouti = 5 mA 


35 

70 

a 

aVout 

Load Regulation 

1 mA < louT 2 ^ 20 mA 


1 

3 

a 

AIout 


50 ix A < Iouti < 5 mA 


2 

10 

a 

■0UT2 

Available Output 

3V <; V| N ^ 16V, 

40 



mA 


Current (Vqut 2 ) 

V|N - VOUT2 = 1.5V 



Vtc 

Negative Tempco 

Open-Circuit Voltage 


0.9 


V 

■tc 

Output (Note 4) 

Maximum Sink Current 

0 

8 

2.0 

mA 

AVtC 

Temperature Coefficient 

Open Circuit 


+ 2.5 


mV/°C 

AT 





>L(MIN) 

Minimum Load Current 

(Includes Vset Divider) 

T a = 25°C 



1.0 

julA 



0°C < T a < + 70°C 


0.2 

5.0 

/xA 



— 25°C < T a < + 85°C 


0.2 

5.0 

julA 


NOTE: 3. This parameter refers to the saturation resistance of the MOS pass transistor. The minimum input-output voltage differential at low current (under 5 mA), 
can be determined by multiplying the load current (including set resistor current, but not quiescent current) by this resistance. 

4. This output has a positive temperature coefficient. Using it in combination with the inverting input of the regulator at Vset. a negative coefficient results in 
the output voltage. See Figure 5 for details. Pin will not source current. 

5. All pins are designed to withstand electrostatic discharge (ESD) levels in excess of 2000V. 

6. All significant improvements over the industry standard ICL7663 are highlighted in bold italics. 



NOTE: All typical values have been characterized but are not tested. 


2-126 









ICL7663S 


TYPICAL PERFORMANCE CHARACTERISTICS 


Vqut2 Output Voltage 
as a Function 
of Output Current 



■out (roA) 


Vquti Input-Output 
Differential vs 
Output Current 



0 2 4 6 8 10 12 14 16 18 20 


■outi M) 


Vqut2 Input-Output 
Differential vs 
Output Current 



0 5 10 15 20 25 30 35 40 45 50 


•0UT2 (roA) 


Input Power Supply 



10" 2 10” 1 loP 10 1 10 2 Ik 


FREQUENCY (Hz) 


Quiescent Current 
as a Function 
of Input Voltage 



0 2 4 6 8 10 12 14 16 


V| + N <V> 


Quiescent Current 
as a Function 
of Temperature 



TEMPERATURE (°C) 
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DETAILED DESCRIPTION 

The ICL7663S is a CMOS integrated circuit incorporating all 
the functions of a voltage regulator plus protection circuitry 
on a single monolithic chip. Referring to the functional dia- 
gram (Figure 2), the main blocks are a bandgap-type volt- 
age reference, an error amplifier, and an output driver with 
both PMOS and NPN pass transistors. 

The bandgap output voltage, trimmed to 1 .29V ± 1 5 mV for 
the ICL7663SA, and the input voltage at the Vset terminal 
are compared in amplifier A. Error amplifier A drives a P- 
channel pass transistor which is sufficient for low (under 
about 5 mA) currents. The high current output is passed by 
an NPN bipolar transistor connected as a follower. This 
configuration gives more gain and lower output impedance. 
Logic-controlled shutdown is implemented via a N-channel 
MOS transistor. Current-sensing is achieved with compara- 
tor C, which functions with the Vqut2 terminal. The 
ICL7663S has an output (Vjc) from a buffer amplifier (B), 
which can be used in combination with amplifier A to gener- 
ate programmable-temperature-coefficient output voltages. 
The amplifier, reference and comparator circuitry all operate 
at bias levels well below 1 /jl A to achieve extremely low 
quiescent current. This does limit the dynamic response of 


the circuits, however, and transients are best dealt with out- 
side the regulator loop. 

BASIC OPERATION 

The ICL7663S is designed to regulate battery voltages in 
the 5V to 15V region at maximum load currents of about 
5 mA to 30 mA. Although intended as low power devices, 
power dissipation limits must be observed. For example, the 
power dissipation in the case of a 10V supply regulated 
down to 2V with a load current of 30 mA clearly exceeds the 
power dissipation rating of the Minidip: 

(10 - 2) (30) (10-3) = 240 mW 
The circuit of Figure 4 illustrates proper use of the device. 
CMOS devices generally require two precautions: every in- 
put pin must go somewhere, and' maximum values of ap- 
plied voltages and current limits must be rigorously ob- 
served. Neglecting these precautions may lead to, at the 
least, incorrect or nonoperation, and at worst, destructive 
device failure. To avoid the problem of latchup, do not apply 
inputs to any pins before supply voltage is applied. 



NOTE: All typical values have been characterized but are not tested. 


2-1 27 


POWER PROCESSING 
CIRCUITS 



ICL7663S 




Input Voltages— The ICL7663S accepts working inputs of 
1.5V to 16V. When power is applied, the rate-of-rise of the 
input may be hundreds of volts per microsecond. This is 
potentially harmful to the regulators, where internal operat- 
ing currents are in the nanoampere range. The 0.047 jmF 
capacitor on the device side of the switch will limit inputs to 
a safe level around 2 V/jns. Use of this capacitor is suggest- 
ed in all applications. In severe rate-of-rise cases, it may be 
advisable to use an RC network on the SHutDowN pin to 
delay output turn-on. Battery charging surges, transients, 
and assorted noise signals should be kept from the regula- 
tors by RC filtering, zener protection, or even fusing. 
Output Voltages — The resistor divider R 2 /R 1 is used to 
scale the reference voltage, Vset. to the desired output us- 
ing the formula Vout = (1 + R 2 /R 1 ) Vset- Suitable ar- 
rangements of these resistors, using a potentiometer, en- 
ables exact values for Vqijt to be obtained. In most applica- 
tions the potentiometer may be eliminated by using the 
ICL7663SA. The ICL7663SA has Vset voltage guaranteed 
to be 1 .29 V ± 1 5 mV and when used with ± 1 % tolerance 
resistors for Ri and R 2 the initial output voltage will be with- 
in ±2.7% of ideal. 

The low leakage current of the Vset terminal allows R-| and 
R 2 to be tens of megohms for minimum additional quiescent 
drain current. However, some load current is required for 
proper operation, so for extremely low-drain applications it 
is necessary to draw at least 1 jutA. This can include the 
current for R 2 and R-|. 

Output voltages up to nearly the Vin supply may be ob- 
tained at low load currents, while the low limit is the refer- 
ence voltage. The minimum input-output differential in each 
regulator is obtained using the Vquti terminal. The input- 
output differential increases to 1 ,5V when using Vqut2- 


Output Currents — Low output currents of less than 5 mA 
are obtained with the least input-output differential from the 
Vquti terminal (connect Vqut2 to Vquti)- Where higher 
currents are needed, use Vqut2 (Vouti should be left open 
in this case). 

High output currents can be obtained only as far as pack- 
age dissipation allows. It is strongly recommended that out- 
put current-limit sensing be used in such cases. 
Current-Limit Sensing — The on-chip comparator (C in Fig- 
ure 2) permits shutdown of the regulator output in the event 
of excessive current drain. As Figure 4 shows, a current-lim- 
iting resistor, Rqi_, is placed in series with Vqut 2 and the 
SENSE terminal is connected to the load side of Rqi_. When 
the current through Rql is high enough to produce a volt- 
age drop equal to Vql (0.5V) the voltage feedback is by- 
passed and the regulator output will be limited to this cur- 
rent. Therefore, when the maximum load current (Iload) is 
determined, simply divide Vql by Iload to obtain the value 
for R cl . 

Logic-Controllable Shutdown— When equipment is not 
needed continuously (e.g., in remote data-acquisition sys- 
tems), it is desirable to eliminate its drain on the system until 
it is required. This usually means switches, with their unreli- 
able, contacts. Instead, the ICL7663S can be shut down by 
a logic signal, leaving only Iq (under 4 juA) as a drain on the 
power source. Since this pin must not be left open, it should 
be tied to ground if not needed. A voltage of less than 0.3V 
for the ICL7663S will keep the regulator ON, and a voltage 
level of more than 1.4V but less than V+in will turn the 
outputs OFF. If there is a possibility that the control signal 
could exceed the regulator input (V+in) the current from 
this signal should be limited to 100 jaA maximum by a high- 
value (1 MO) series resistor. This situation may occur when 
the logic signal originates from a system powered separate- 
ly from that of the regulator. 


NOTE: All typical values have been characterized but are not tested. 
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Additional Circuit Precautions— This regulator has poor 
rejection of voltage fluctuations from AC sources above 
10 Hz or so. To prevent the output from responding (where 
this might be a problem), a reservoir capacitor across the 
load is advised. The value of this capacitor is chosen so that 
the regulated output voltage reaches 90% of its final value 
in 20 ms. From 


I 


AV 

C A? C = louT 


(20 X 10 


+ = 0 . 022 Joyi 


0-9 VoUT V 0 UT 

In addition, where such a capacitor is used, a current-limit- 
ing resistor is also suggested (see “Current-Limit Sensing”). 


Producing Output Voltages with Negative Temperature 
Coefficients — The ICL7663S has an additional output 
which is 0.9V relative to GND and has a tempco of 
+ 2.5 mV/°C. By applying this voltage to the inverting input 
of amplifier A (i.e., the Vset pin), output voltages having 
negative TC may be produced. The TC of the output voltage 
is controlled by the R2/R3 ratio (see Figure 5 and its design 
equations). 


APPLICATIONS 

Boosting Output Current with External Transistor 

The maximum available output current from the ICL7663S is 
40 mA. To obtain output currents greater than 40 mA, an 
external NPN transistor is used connected as shown in Fig- 
ure 6. 

Generating a Temperature Compensated Display Drive 
Voltage 

Temperature has an important effect in the variation of 
threshold voltage in multiplexed LCD displays. As tempera- 
ture rises, the threshold voltage goes down. For applica- 
tions where the display temperature varies widely, a temper- 
ature compensated display voltage, Vqisp. can be generat- 
ed using the ICL7663S. This is shown in Figure 7 for the 
ICM7233 triplexed LCD display driver. 


R i r 2 



0092-8 

EQ. 1: V 0 UT = V S ET ( 1 + ^ (VsET ~ V TC) 

EQ. 2: TC Vqut = - ^ (TC V TC ) in mV/°C 

r 3 

Where: V S et = 1.3V 
V TC = 0.9V 
TCV tc = +2.5 mV/°C 

Figure 5. Generating Negative 
Temperature Coefficients 




NOTE: All typical values have been characterized but are not tested. 
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APPLICATIONS 



NOTE: All typical values have been characterized but are not tested. 
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CMOS Micropower Over/Under 
Voltage Detector 


GENERAL DESCRIPTION 

The ICL7665S Super CMOS Micropower Over/Under 
Voltage Detector contains two low power, individually pro- 
grammable voltage detectors on a single CMOS chip. Re- 
quiring typically 3 jaA for operation, the device is intended 
for battery-operated systems and instruments which require 
high or low voltage warnings, settable trip points, or fault 
monitoring and correction. The trip points and hysteresis of 
the two voltage detectors are individually programmed via 
external resistors. An internal bandgap-type reference pro- 
vides an accurate threshold voltage while operating from 
any supply in the 1.6V to 16V range. 

The Harris ICL7665S, Super Programmable Over/Under 
Voltage Detector is a direct replacment for the industry 
standard ICL7665B offering wider operating voltage and 
temperature ranges, improved threshold accuracy 
(ICL7665SA), and temperature coefficient, and guaranteed 
maximum supply current. All improvements are highlighted 
in bold italics in the electrical characteristics section. All 
critical parameters are guaranteed over the entire com- 
mercial and industrial temperature ranges. 



0090-1 

Outline dwg (BA) 



Outline dwg (PA) 
Figure 1: Pin Configurations 


FEATURES 

• Guaranteed 10 jaA Maximum Quiescent Current over 
Temperature 

• Guaranteed Wider Operating Voltage Range over 
Entire Operating Temperature Range 

• 2% Threshold Accuracy (ICL7665SA) 

• Dual Comparator with Precision Internal Reference 
•100 ppm/°C Temperature Coefficient of Threshold 

Voltage 

• improved Direct Replacement for Industry-Standard 
ICL7665B and Other Second-Source Devices 

• Up to 20 mA Output Current Sinking Ability 

• Individually Programmable Upper and Lower Trip 
Voltages and Hysteresis Levels 

APPLICATIONS 

• Pocket Pagers 

• Portable Instrumentation 

• Charging Systems 

• Memory Power Back-Up 

• Battery-Operated Systems 

• Portable Computers 
° Level Detectors 

ORDERING INFORMATION 


Part 

Number 

Temperature 

Range 

Package 

ICL7665SCBA 

0°C to +70°C 

8 Lead SOIC 

ICL7665SCPA 

0°C to +70°C 

8 Lead Minidip 

ICL7665SCJA 

0°C to +70°C 

8 Lead CERDIP 

ICL7665SACPA 

0°C to +70°C 

8 Lead Minidip 

ICL7665SACJA 

0°C to +70°C 

8 Lead CERDIP 

ICL7665SIBA 

-250C to +85°C 

8 Lead SOIC 

ICL7665SIPA 

-25°C to +85°C 

8 Lead Minidip 

ICL7665SIJA 

-25°C to +85°C 

8 Lead CERDIP 

ICL7665SAIPA 


8 lead Minidip 

ICL7665SAIJA 

I -25°C to +85°C 

8 Lead CERDIP 



HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS. IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 3021 67-003 


NOTE: All typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Note 2) - 0.3V to + 1 8V 

Output Voltages OUT1 and OUT2 (with respect to GND) 

(Note 2) - 0.3 V to + 18V 

Output Voltages HYST1 and HYST2 (with respect to V+) 

(Note 2) -0.3 V to + 18V 

Input Voltages SET1 and SET2 

(Note 2) (GND - 0.3V) to (V+ + 0.3V) 

Maximum Sink Output OUT 1 and OUT2 25 mA 

Maximum Source Output Current 
HYST1 and HYST2 -25 m A 


Lead Temperature (Soldering, 10 sec) +300°C 

Storage Temperature Range -65°C to 150°C 

Operating Temperature Range 

ICL7665SC 0°C to +70°C 

ICL7665SI — 25°C to +85°C 

Total Power Dissipation (Note 1) 

SOIC 200 mW 

Minidip 200 mW 

CERDIP 500 mW 


NOTE: Stresses above those listed under ‘‘Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 

The specifications below are applicable to both the ICL7665S and ICL7665SA unless otherwise stated. V+ = 5V, 
T A = +25°C, Test Circuit Figure 3 unless otherwise stated. 



Parameter 

Test Conditions 

Limits 

Units 

Min 

Typ 

Max 

v+ 

Operating Supply Voltage 

ICL7665S 

T a = 25°C 

1.6 


16 

V 



0°C^T a ^ + 70°C 

1.8 


16 

V 



— 25°C ^ T A ^ +85°C 

ICL7665SA 

1.8 


16 

V 



0°C ^ T A ^ + 70°C 

1.8 


16 

V 



— 25°C <; T a ^ +85°C 

1.8 


16 

V 

1+ 

Supply Current 

GND ^ Vseti. VsET 2 ^ V + 

All Outputs Open Circuit 
o°c<^t a <; + 70°C 

V+ = 2 V 


2.5 

10 

julA 



V+ = 9V 


2.6 

10 

juA 



V+ = 15V 


2.9 

10 

JU.A 



~25°C< T a <. +85°C 

V+ = 2V 


2.5 

10 

juA 



V+ = 9V 


2.6 

10 

jliA 



V+ = 15V 


2.9 

10 

julA 


Input Trip Voltage 

ICL7665S 





VSETI 



1.15 

1.3 

1.45 

V 

VSET2 


ICL7665SA 

1.2 

1.3 

1.4 

V 

VSETI 



1.275 

1.30 

1.325 

V 

V SET2 



1.225 

1.30 

1.375 

V 

A V S ET 

Temperature Coefficient of V S et 

ICL7665S 


200 


ppm 

AT 


ICL7665SA 


100 


ppm 

av S et 

Supply Voltage Sensitivity 

RoUTI. RqUT2. RhYSTI. R2HYST2 = 1 




%/V 

AV S 

° f V SET1> V S ET2 

2V ^ V+ ^ 10V 


0.03 



*OLK 

Output Leakage Currents of OUT and HYST 

Vqej = 0V or Vset ^ 2V 


10 

200 

nA 

Ihlk 




-10 

-100 

nA 

lOLK 


V+ = 15V,T a = 70°C 



2000 

nA 

Ihlk 





-500 



Output Saturation Voltages 

Vseti = 2V, Iquti = 2 mA 





v OUT1 


V+ = 2 V 


0.2 

0.5 

V 

VoUTI 


V+ = 5V 


0.1 

0.3 

V 

VoUTI 


V+ = 15V 


0.06 

0.2 

V 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS 

The specifications below are applicable to both the ICL7665S and ICL7665SA unless otherwise stated. V+ = 5V f 
Ta = + 25°C, Test Circuit Figure 3 unless otherwise stated. (Continued) 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Typ 

Max 


Output Saturation Voltages 

Vseti = 2V, Ihysti = -0-5 mA 





Vhysti 


V+ = 2V 


-0.15 

-0.30 

V 

Vhysti 


V+ = 5V 


-0.05 

-0.15 

V 

Vhysti 


V+ = 15V 


-0.02 

-0.10 

V 


Output Saturation Voltages 

V SET2 = 0V, IOUT2 = 2 mA 





V OUT2 


V+ = 2V 


0.2 

0.5 

V 

V OUT2 


V+ = 5 V 


0.15 

0.3 

V 

VOUT2 


V+ = 15V 


0.11 

0.25 

V 


Output Saturation Voltages 

VSET2 = 2V 





VHYST2 


V+ = 2V, l H YST2 = -0.2 mA 


-0.25 

-0.8 


VHYST2 


V+ = 5V,I H YST2 = -0.5 mA 


-0.43 

-1.0 




V+ = 15V, l H YST 2 = -0.5 mA 


-0.35 

-0.8 

V 

•set 

v set Input Leakage Current 

GND s V SET £ v+ 


0.01 

10 

nA 

a V S ET 

A Input for Complete Output Change 

Rout — 4.7 kfi, Rhyst = 20 kfl 

VqutLO = 1% V + , VoutHI = 99% V + 







ICL7665S 


1.0 


mV 



ICL7665SA 


0.1 


mV 

Vseti - Vset2 

Difference in Trip Voltages 

Rout. Rhyst = i 


±5 

±50 

mV 


Output/Hysteresis Difference 

Rout. Rhyst = 1 







ICL7665S 


±1 


mV 



ICL7665SA 


±0.1 


mV 


NOTE 1: Derate above + 25°C ambient temperature at 4 mW/°C. 

2: Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to voltages greater than (V + + 0.3V) 
or less than (GND - 0.3V) may cause destructive device latchup. For these reasons, it is recommended that no inputs from external sources not 
operating from the same power supply be applied to the device before its supply is established, and that in multiple supply systems, the supply to the 
ICL7665S be turned on first. If this is not possible, currents into inputs and/or outputs must be limited to ±0.5 mA and voltages must not exceed those 
defined above. 


3: All significant improvements over the industry-standard ICL7665 are highlighted in bold italics. 



CONDITIONS* 


Vseti > 1.3V, OUT1 switch ON 
VsETI < 1-3V, OUT1 switch OFF 
VSET 2 > 1-3V, OUT2 switch OFF 
V SET2 < 1.3V, OUT2 switch ON 


HYST1 switch ON 
HYST1 switch OFF 
HYST2 switch ON 
HYST2 switch OFF 


*See Operating Characteristics for exact thresholds. 

Figure 2: Functional Diagram 


NOTE: All typical values have been characterized but are not tested. 
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NOTE: All typical values have been characterized but are not tested. 
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Typical Performance Characteristics 


OUT1 Saturation Voltage as a 
Function of Output Current 



0 5 10 15 20 

I out OUT 1 (mA) 


0090-7 


HYST2 Output Saturation Voltage 
vs HYST2 Output Current 

-5.0 -4.0 -3.0 -10 -ID 0 
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DETAILED DESCRIPTION 


OUT2 Saturation Voltage as a 
Function of Output Current 


HYST1 Output Saturation Voltage 
vs HYST1 Output Current 
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l 0UT 0UT2 (mA) 
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Supply Current as a 
Function of Ambient 
Temperature 



-25 0 +20 +40 +60 
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HYST1 OUTPUT CURRENT (mA) 


Supply Current as a 
Function of Supply Voltage 



SUPPLY VOLTAGE (V + ) 
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PRECAUTIONS 


As shown in the Functional Diagram, Figure 2, the 
ICL7665S consists of two comparators which compare in- 
put voltages on the SET1 and SET2 terminals to an internal 
1.3V band-gap reference. The outputs from the two com- 
parators drive open-drain N-channel transistors for OUT1 
and OUT2, and open-drain P-channel transistors for HYST1 
and HYST2 outputs. Each section, the Under-Voltage De- 
: tector and the Over-Voltage Detector, is independent of the 
other, although both use the internal 1.3V reference. The 
offset voltages of the two comparators will normally be un- 
equal so Vseti will generally not quite equal Vset2- 
The input impedances of the SET1 and SET2 pins are 
extremely high, and for most practical applications can be 
ignored. The four outputs are open-drain MOS transistors, 
and when ON behave as low resistance switches to their 
respective supply rails. This minimizes errors in setting-up 
the hysteresis, and maximizes the output flexibility. The op- 
erating currents of the bandgap reference and the compara- 
tors are around 1 00 nA each. 


Junction-isolated CMOS devices like the ICL7665S have 
an inherent SCR or 4-layer PNPN structure distributed 
throughout the die. Under certain circumstances, this can 
be triggered into a potentially destructive high-current 
mode. This latchup can be triggered by forward-biasing an 
input or output with respect to the power supply, or by ap- 
plying excessive supply voltages. In very-low current analog 
circuits, such as the ICL7665S, this SCR can also be trig- 
gered by applying the input power supply extremely rapidly 
(“instantaneously”), e.g. through a low impedance battery 
and an ON/OFF switch with short lead lengths. The rate-of- 
rise of the supply voltage can exceed 100 V/ju,s in such a 
circuit. A low-impedance capacitor (e.g., 0.05 juF disc ce- 
ramic) between the V+ and GrouND pins of the ICL7665S 
can be used to reduce the rate-of-rise of the supply voltage 
in battery applications. In line-operated systems, the rate-of- 
rise of the supply is limited by other considerations, and is 
normally not a problem. 



NOTE: All typical values have been characterized but are not tested. 
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If the SET voltages must be applied before the supply 
voltage V+, the input current should be limited to less than 
0.5 mA by appropriate external resistors, usually required 
for voltage setting anyway. A similar precaution should be 
taken with the outputs if it is likely that they will be driven by 
other circuits to levels outside the supplies at any time. See 
M01 1 for some other protection ideas. 

SIMPLE THRESHOLD DETECTOR 


Figure 5 shows the simplest connection of the ICL7665S 
for threshold detection. From the graph (b), it can be seen 
that at low input voltages OUT1 is OFF, or high, while OUT2 
is ON, or low. As the input rises (e.g., at power-on) toward 
v NOM (usually the eventual operating voltage), OUT2 goes 
high on reaching Vjr 2 . If the voltage rises above Vnqm as 
much as Vjri, OUT 1 goes low. The equations giving Vseti 
and Vset 2 are from Figure 5(a): 


Vseti = Vin 


(Rn + R 2 i)’ 


(R 12 +R 22 ) 


Since the voltage to trip each comparator is nominally 
1 .3V, the value Vin for each trip point can be found from 


(R11 + R21) _ 


(R11 + R21) 


for detector 1 


P12+R22 ) _ 1 , 3 ( R 1 . 2 + R . 22) fordetector2 

Rl2 R12 


Either detector may be used alone, as well as both to- 
gether, in any of the circuits shown here. 

When Vin is very close to one of the trip voltages, normal 
variations and noise may cause it to wander back and forth 
across this level, leading to erratic output ON and OFF con- 
ditions. The addition of hysteresis, making the trip points 
slightly different for rising and falling inputs, will avoid this 
condition. 

THRESHOLD DETECTOR WITH 
HYSTERESIS 

Figure 6 (a) shows how to set up such hysteresis, while 
Figure 6 (b) shows how the hysteresis around each trip point 
produces switching action at different points depending on 
whether Vin is rising or falling (the arrows indicate direction 
of change). The HYST outputs are basically switches which 
short out R 31 or R 32 when Vin is above the respective trip 
point. Thus if the input voltage rises from a low value, the 
trip point will be controlled by R-| n , R 2 n. and R 3 n> until the 
trip point is reached. As this value is passed, the detector 
changes state, R 3 n is shorted out, and the trip point be- 
comes controlled by only R-| n and R 2 n. a lower value. The 
input will then have to fall to this new point to restore the 



NOTE: All typical values have been characterized but are not tested. 
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OVER-VOLTAGE R 



VL2VU2 VuVy, 


(a) Circuit Configuration 


(b) Transfer Characteristics 
Figure 6: Threshold Detector with Hysteresis 


Table 1: Set-Point Equations 


a) NO HYSTERESIS 

Over-Voltage V TR ip = Rl1 + Rg1 x V SE ti 
Rii 

Rip + Rp? 

Over-Voltage Vjrip = x Vset2 

R12 


v + 

0UT1 0UT2 


I HYST1 HYST2 1 
ICL7665S 


b) HYSTERESIS PER FIGURE 6A 


Rl i + R21 + R31 w v 

Vui X V S ET1 

R 11 


Over-Voltage Vjrip 


_ R11 + R21 w 

V L 1 “ □ X V S ET1 

R 11 

w R-12 + R22 + R 32 w w 

V U2 = □ X V S ET2 

Rl2 


Under-Voltage Vjrip 


_ R 12 + r 22 w w 

VL2 - □ X V S ET2 

h 12 


c) HYSTERESIS PER FIGURE 7 


w _ R 11 + R 21 w w 

Vui D x VsETI 

R 11 


Over-Voltage Vjrip 


Figure 7: An Alternative Hysteresis Circuit 


R 21 + R 31 


X VsETI 


w _ R 12 + R 22 v w 

V U2 X V S ET2 

R 12 


Over-Voltage Vjrip 


R 22 + r 32 


X V S ET2 
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THRESHOLD DETECTOR WITH 
HYSTERESIS (Continued) 

initial comparator state, but as soon as this occurs, the trip 
point will be raised again. 

An alternative circuit for obtaining hysteresis is shown in 
Figure 7. In this configuration, the HYST pins put the extra 
resistor in parallel with the upper setting resistor. The values 
of the resistors differ, but the action is essentially the same. 
The governing equations are given in Table 1. These ignore 
the effects of the resistance of the HYST outputs, but these 
can normally be neglected if the resistor values are above 
about 100 kQ. 

APPLICATIONS 

Single Supply Fault Monitor 

Figure 8 shows an over/under-voltage fault monitor for a 
single supply. The over-voltage trip point is centered around 
5.5V and the under-voltage trip point is centered around 
4.5V. Both have some hysteresis to prevent erratic output 


ON and OFF conditions. The two outputs are connected in 
a wired OR configuration with a pullup resistor to generate a 
power OK signal. 

Multiple Supply Fault Monitor 

The ICL7665S can simultaneously monitor several sup- 
plies when connected as shown in Figure 9. The resistors 
are chosen such that the sum of the currents through R2 ia> 
R 21B. and R31 is equal to the current through R-n when the 
two input voltages are at the desired low voltage detection 
point. The current through R-pi at this point is equal to 
1.3 V/R-11. The voltage at the Vset input depends on the 
voltage of both supplies being monitored. The trip voltage of 
one supply while the other supply is at the nominal voltage 
will be different than the trip voltage when both supplies are 
below their nominal voltages. 

The other side of the ICL7665S can be used to detect the 
absence of negative supplies. The trip points for OUT1 de- 
pend on both the negative supply voltages and the actual 
voltage of the + 5V supply. 


+5V SUPPLY 



+5V 



Figure 9: Multiple Supply Fault Monitor 


NOTE: All typical values have been characterized but are not tested. 
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Combination Low Battery Warning and Low 
Battery Disconnect 

When using rechargeable batteries in a system, it is im- 
portant to keep the batteries from being overdischarged. 
The circuit shown in Figure 10 provides a low battery warn- 
ing and also disconnects the low battery from the rest of the 
system to prevent damage to the battery. OUT 1 is used to 
shutdown the ICL7663S when the battery voltage drops to 
the value where the load should be disconnected. As long 
as Vseti is greater than 1 .3V, OUT1 is low, but when Vseti 
drops below 1.3V, OUT1 goes high, shutting off the 
ICL7663S. OUT2 is used for low battery warning. When 
VseT 2 is greater than 1 .3V, OUT2 is high and the low bat- 
tery warning is on. When Vset 2 drops below 1.3V, OUT2 is 
low and the low battery warning goes off. The trip voltage 
for low battery warning can be set higher than the trip volt- 
age for shutdown to give advance low battery warning be- 
fore the battery is disconnected. 

Power Fail Warning and Powerup/Powerdown 
Reset 


above the trip point, OUT1 is low. When the DC input drops 
below the trip point, OUT1 shuts OFF and the power fail 
warning goes high. The voltage on the input of the 7805 
decays at a rate of Iout / c - Since the 7805 will continue to 
provide 5V out at 1A until Vin is less than 7.3V, this circuit 
will provide a certain amount of warning before the 5V out- 
put begins to drop. 

The ICL7665S OUT2 is used to prevent a microprocessor 
from writing spurious data to a CMOS battery backup mem- 
ory by causing OUT2 to go low when the 7805 5V output 
drops below the ICL7665S trip point. 

Simple High/Low Temperature Alarm 

Figure 12 illustrates a simple high/low temperature alarm 
which uses the ICL7665S with an NPN transistor. The volt- 
age at the top of Ri is determined by the Vbe of the transis- 
tor and the position of Ri’s wiper arm. This voltage has a 
negative temperature coefficient. Ri is adjusted so that 
Vset 2 equals 1 .3V when the NPN transistor’s temperature 
reaches the temperature selected for the high temperature 
alarm. When this occurs, OUT2 goes low. R 2 is adjusted 


Figure 1 1 shows a power fail warning circuit with power- 
up/powerdown reset. When the unregulated DC input is 



Figure 11: Power Fail Warning and 
Powerup/Powerdown Reset 



NOTE: All typical values have been characterized but are not tested. 
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so that Vseti equals 1 .3V when the NPN transistor’s tem- 
perature reaches the temperature selected for the low tem- 
perature alarm. When the temperature drops below this lim- 
it, OUT1 goes low. 

AC Power Fail and Brownout Detector 

Figure 13 shows a circuit that detects AC undervoltage by 
monitoring the secondary side of the transformer. The ca- 
pacitor, Ci, is charged through R-| when OUT1 is OFF. With 
a normal 110 VAC input to the transformer, OUT1 will dis- 


charge C-j once every cycle, approximately every 1 6.7 ms. 
When the AC input voltage is reduced, OUT 1 will stay OFF, 
so that Ci does not discharge. When the voltage on Ci 
reaches 1 .3V, OUT2 turns OFF and the power fail warning 
goes high. The time constant, R-|Ci, is chosen such that it 
takes longer than 16.7 ms to charge C-j 1.3V. 



NOTE: All typical values have been characterized but are not tested. 
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ICL7667 

Dual Power 
MOSFET Driver 


Features 

• Fast Rise and Fall Times 

► 30ns with lOOOpF Load 

• Wide Supply Voltage Range 

► V C C = 4.5 to 15V 

• Low Power Consumption 

► 4mW with Inputs Low 

► 20mW with Inputs High 

• TTL/CMOS Input Compatible Power Driver 

► Rout = 7n Typ 

• Direct Interface with Common PWM Control ICs 

• Pin Equivalent to DS0026/DS0056; TSC426 

Typical Applications 

• Switching Power Supplies 

• DC/DC Converters 

• Motor Controllers 


Description 

The ICL7667 is a dual monolithic high-speed driver 
designed to convert TTL level signals into high current 
outputs at voltages up to 1 5V. Its high speed and current 
output enable it to drive large capacitive loads with high 
slew rates and low propagation delays. With an output 
voltage swing only millivolts less than the supply voltage 
and a maximum supply voltage of 1 5V, the ICL7667 is well 
suited for driving power MOSFETs in high frequency 
switched-mode power converters. The ICL7667’s high 
current outputs minimize power losses inthe power 
MOSFETs by rapidly charging and discharging the gate 
capacitance. The ICL7667’s input are TTL compatible and 
can be directly driven by common pulse-width modulation 
control ICs. 


Packages 

TO-99 CAN (TV) 
TOP VIEW 

V+ 



Order Information 


PART 

TEMPERATURE 


NUMBER 

RANGE 

PACKAGE 

ICL7667CBA 

OOC to +70°C 

8 Pin SOIC 

ICL7667CPA 

0°C to +70°C 

8 Pin Plastic 

ICL7667CJA 

0°C to +70°C 

8 Pin Ceramic DIP 

ICL7667CTV 

0°C to +70°C 

TO-99 Can 

ICL7667MTV* 

-55°C to +1 25°C 

TO-99 Can 

ICL7667MJA* 

-550C to + 1250C 

8 Pin Ceramic DIP 


*Add /883B to Part Number for 883B Processing 


8 LEAD DUAL-IN-LINE PACKAGE (PA, JA, BA) 
TOP VIEW 



N/e 
OUT A 

v+ 

OUT B 


Functional Diagram 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2853 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage V + to V ~ 15V 

Input Voltage (V~ -0.3V) to (V+ + 0.3V) 

Package Dissipation, T A = 25°C 500mW 

Linear Derating Factors 

TO-99 Plastic Cerdip 

6.7mW/°C 5.6mW/°C 6.7mW/°C 

above 50°C above 36°C above50°C 


Storage Temperature -65°Cto +150°C 

Operating Temperature Range 

ICL7667C 0°Cto+70°C 

ICL7667M — 55°C to + 125°C 

Lead Temperature (Soldering, lOsec) 300°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (STATIC) 


Symbol 

Parameter 

Test Conditions 

ICL7667C,M 

ICL7667M 

Units 

T a = 25°C 

-55 0 C^T a ^ + 125°C 

Min 

Typ 

Max 

Min 

Typ 

Max 

V| H 

Logic 1 Input Voltage 

V CC = 4.5V 

2.0 



2.0 



V 

V|H 

Logic 1 Input Voltage 

V CC =15V 

2.0 



2.0 



V 

V| L 

Logic 0 Input Voltage 

V CC = 4.5V 



0.8 



0.5 

V 

V| L 

Logic 0 Input Voltage 

V CC =15V 



0.8 



0.8 


IlL 

Input Current 

V C c=15V, V|n = 0V and 15V 

-0.1 


0.1 

-0.1 




VoH 

Output Voltage High 

V C c = 4.5V and 15V 

Vcc -0.05 

Vcc 


Vcc-0.1 




VOL 

Output Voltage Low 

V C c = 4.5V and 15V 


0 

0.05 





Rout 

Output Resistance 

V|N=V|L, l 0 UT= — 1 0 mA, 
Vcc=15V 


7 

10 




Q 

Rout 

Output Resistance 

V|N = V| H , loUT = 10mA, 
V C C=15V 


8 

12 




D 

•cc 

Power Supply Current 

Vcc = 1 5V, Vin = 3 V both inputs 


5 

7 



8 


icc 

Power Supply Current 

Vcc^ 1 5V, V|n = 0V both inputs 


150 

400 




■S9 1 


ELECTRICAL CHARACTERISTICS (DYNAMIC) 


Symbol 



ICL7667C,M 

ICL7667M 

Units 

T A — 25°C 

-55°C^T a ^ + 125°C 

Min 

Typ 

Max 

Min 

Typ 

Max 

TD2 




35 

50 



60 

ns 

Tr 


Figure 3 


20 

30 



40 

ns 

t f 




20 

30 



40 

ns 

Tdi 


Figure 3 


20 




40 

ns 


NOTE: All typical values have been characterized but are not tested. 
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Typical Performance Characteristics (Continued) 

Delay and Fall Times vs Vqc 



5 10 15 

vcc 

0323-12 

DETAILED DESCRIPTION 

The ICL7667 is a dual high-power CMOS inverter whose 
inputs respond to TTL levels while the outputs can swing as 
high as 15V. Its high output current enables it to rapidly 
charge and discharge the gate capacitance of power MOS- 
FETs, minimizing the switching losses in switchmode power 
supplies. Since the output stage is CMOS, the output will 
swing to within millivolts of both ground and Vcc without 
any external parts or extra power supplies as required by 
the DS0026/56 family. Although most specifications are at 
V CC = 15V, the propagation delays and specifications are 
almost independent of Vcc- 

In addition to power MOS drivers, the ICL7667 is well 
suited for other applications such as bus, control signal, and 
clock drivers on large memory of microprocessor boards, 
where the load capacitance is large and low propagation 
delays are required. Other potential applications include pe- 
ripheral power drivers and charge-pump voltage inverters. 
INPUT STAGE 

The input stage is a large N-channel FET with a P-chan- 
nel constant-current source. This circuit has a threshold of 
about 1 .5V, relatively independent of the Vcc voltage. This 
means that the inputs will be directly compatible with TTL 
over the entire 4.5 -15V Vcc range. Being CMOS, the in- 
puts draw less than IjaA of current over the entire input 
voltage range of ground to Vcc- The quiescent current or no 
load supply current of the ICL7667 is affected by the input 
voltage, going to nearly zero when the inputs are at the 0 
logic level and rising to 7mA maximum when both inputs are 
at the 1 logic level. A small amount of hysteresis, about 50 - 
lOOmV at the input, is generated by positive feedback 
around the second stage. 

OUTPUT STAGE 

The ICL7667 output is a high-power CMOS inverter, 
swinging between ground and Vcc- At Vcc = 15V, the out- 
put impedance of the inverter is typically 7ft. The high peak 
current capability of the ICL7667 enables it to drive a 
lOOOpF load with a rise time of only 40ns. Because the 
output stage impedance is very low, up to 300mA will flow 
through the series N- and P-channel output devices (from 
Vcc to ground) during output transitions. This crossover cur- 
rent is responsible for a significant portion of the internal 



5 10 15 

VCC 

0323-13 

power dissipation of the ICL7667 at high frequencies. It can 
be minimized by keeping the rise and fall times of the input 
to the ICL7667 below 1 jus. 

APPLICATION NOTES 

Although the ICL7667 is simply a dual level-shifting invert- 
er, there are several areas to which careful attention must 
be paid. 

GROUNDING 

Since the input and the high current output current paths 
both include the ground pin, it is very important to minimize 
any common impedance in the ground return. Since the 
ICL7667 is an inverter, any common impedance will gener- 
ate negative feedback, and will degrade the delay, rise and 
fall times. Use a ground plane if possible, or use separate 
ground returns for the input and output circuits. To minimize 
any common inductance in the ground return, separate the 
input and output circuit ground returns as close to the 
ICL7667 as is possible. 

BYPASSING 

The rapid charging and discharging of the load capaci- 
tance requires very high current spikes from the power sup- 
plies. A parallel combination of capacitors that has a low 
impedance over a wide frequency range should be used. A 
4.7jaF tantalum capacitor in parallel with a low inductance 
0.1 jxF capacitor is usually sufficient bypassing. 

OUTPUT DAMPING 

Ringing is a common problem in any circuit with very fast 
rise or fall times. Such ringing will be aggravated by long 
inductive lines with capacitive loads. Techniques to reduce 
ringing include: 

1) Reduce inductance by making printed circuit board 
traces as short as possible. 

2) Reduce inductance by using a ground plane or by 
closely coupling the output lines to their return 
paths. 

3) Use a 1 0 to 30ft resistor in series with the output of 
the ICL7667. Although this reduces ringing, it will 
also slightly increase the rise and fall times. 

4) Use good bypassing techniques to prevent supply 
voltage ringing. 


NOTE: All typical values have been characterized but are not tested. 
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POWER DISSIPATION 

The power dissipation of the ICL7667 has three main 
components: 

1) Input inverter current loss 

2) Output stage crossover current loss 

3) Output stage l 2 R power loss 

The sum of the above must stay within the specified limits 
for reliable operation. 

As noted above, the input inverter current is input voltage 
dependent, with an Ice of 0.2mA maximum with a logic 0 
input and 6mA maximum with a logic 1 input. 

The output stage crowbar current is the current that flows 
through the series N- and P-channel devices that form the 
output. This current, about 300mA, occurs only during out- 
put transitions. Caution: The inputs should never be al- 
lowed to remain between V|i_ and Vih since this could leave 
the output stage in a high current mode, rapidly leading to 
destruction of the device. If only one of the drivers is being 
used, be sure to tie the unused input to a ground. NEVER 
leave an input floating. The average supply current drawn 
by the output stage is frequency dependent, as can be seen 
in Ice vs. Frequency graph in the Typical Characteristics 
Graphs. 

The output stage l 2 R power dissipation is nothing more 
than the product of the output current times the voltage 
drop across the output device. In addition to the current 
drawn by any resistive load, there will be an output current 
due to the charging and discharging of the load capaci- 
tance. In most high frequency circuits the current used to 
charge and discharge capacitance dominates, and the pow- 
er dissipation is approximately 

PAC = CV C c 2 f 

Where C= Load Capacitance 
f= Frequency 

In cases where the load is a power MOSFET and the gate 
drive requirements are described in terms of gate charge, 
the ICL7667 power dissipation will be 

PAC = QGV C cf 

Where Qq = Charge required to switch the gate, in 
Coulombs. 
f= Frequency 

POWER MOS DRIVER CIRCUITS 

POWER MOS DRIVER REQUIREMENTS 

Because it has a very high peak current output, the 
ICL7667 excels at driving the gate of power MOS devices. 
The high current output is important since it minimizes the 
time the power MOS device is in the linear region. Figure 4 
is a typical curve of charge vs. gate voltage for a power 
MOSFET. The flat region is caused by the Miller capaci- 
tance, where the drain-to-gate capacitance is multiplied by 
the voltage gain of the FET. This increase in capacitance 
occurs while the power MOSFET is in the linear region and 


is dissipating significant amounts of power. The very high 
current output of the ICL7667 is able to rapidly overcome 
this high capacitance and quickly turns the MOSFET fully 
on or off. 



Figure 6 shows interfaces between the ICL7667 and typi- 
cal switching regulator ICs. Note that unlike the DS0026, 
the ICL7667 does not need a dropping resistor and speed- 
up capacitor between it and the regulator 1C. The ICL7667, 
with its high slew rate and high voltage drive can directly 
drive the gate of the MOSFET. The 1 527 1C is the same as 
the 1 525 1C, except that the outputs are inverted. This inver- 
sion is needed since ICL7667 is an inverting buffer. 
TRANSFORMER COUPLED DRIVE OF 
MOSFETs 

Transformers are often used for isolation between the 
logic and control section and the power section of a switch- 
ing regulator. The high output drive capability of the 
ICL7667 enables it to directly drive such transformers. Fig- 
ure 6 shows a typical transformer coupled drive circuit. 
PWM ICs with either active high or active low outputs can 
be used in this circuit, since any inversion required can be 
obtained by reversing the windings on the secondaries. 

BUFFERED DRIVERS FOR MULTIPLE 
MOSFETs 

In very high power applications which use a group of 
MOSFETs in parallel, the input capacitance may be very 
large and it can be difficult to charge and discharge quickly. 
Figure 8 shows a circuit which works very well with very 
large capacitance loads. When the input of the driver is 
zero, Q1 is held in conduction by. the lower half of the 
ICL7667 and Q2 is clamped off by Q1 . When the input goes 
positive, Q1 is turned off and a current pulse is applied to 
the gate of Q2 by the upper half of the ICL7667 through the 
transformer, T1. After about 20ns, T1 saturates and Q2 is 
held on by its own C gs and the bootstrap circuit of Cl , D1 
and R1. This bootstrap circuit may not be needed at fre- 
quencies greater than 10kHz since the input capacitance of 
Q2 discharges slowly. 



NOTE: All typical values have been characterized but are not tested. 
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NOTE: All typical values have been characterized but are not tested. 
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NOTE: All typical values have been characterized but are not tested. 
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OTHER APPLICATIONS 

RELAY AND LAMP DRIVERS 

The ICL7667 is suitable for converting low power TTL or 
CMOS signals into high current, high voltage outputs for 
relays, lamps and other loads. Unlike many other level 
translator/driver ICs, the ICL7667 will both source and sink 
current. The continuous output current is limited to 200mA 
by the l 2 R power dissipation in the output FETs. 

CHARGE PUMP OR VOLTAGE INVERTERS 
AND DOUBLERS 

The low output impedance and wide Vcc range of the 
ICL7667 make it well suited for charge pump circuits. Figure 


8 shows a typical charge pump voltage inverter circuit and a 
typical performance curve. A common use of this circuit is 
to provide a low current negative supply for analog circuitry 
or RS232 drivers. With an input voltage of + 1 5V, this circuit 
will deliver 20mA at -12.6V. By increasing the size of the 
capacitors, the current capability can be increased and the 
voltage loss decreased. The practical range of the input fre- 
quency is 500Hz to 250kHz. As the frequency goes up, the 
charge pump capacitors can be made smaller, but the inter- 
nal losses in the ICL7667 will rise, reducing the circuit effi- 
ciency. 

Figure 9, a voltage doubler, is very similar in both circuitry 
and performance. A potential use of Figure 8 would be to 
supply the higher voltage needed for EEPROM or EPROM 
programming. 

CLOCK DRIVER 

Some microprocessors (such as the 68XX and 65XX fam- 
ilies) use a clock signal to control the various LSI peripher- 
als of the family. The ICL7667’s combination of low propa- 
gation delay, high current drive capability and wide voltage 
swing make it attractive for this application. Although the 
ICL7667 is primarily intended for driving power MOSFET 
gates at 15V, the ICL7667 also works well as a 5V high- 
speed buffer. Unlike standard 4000 series CMOS, the 
ICL7667 uses short channel length FETs and the ICL7667 
is only slightly slower at 5V than at 15V. 


NOTE: All typical values have been characterized but are not tested. 
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Automatic Battery 
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GENERAL DESCRIPTION 

The Harris ICL7673 is a monolithic CMOS battery backup 
circuit that offers unique performance advantages over con- 
ventional means of switching to a backup supply. The 
ICL7673 is intended as a low-cost solution for the switching 
of systems between two power supplies; main and battery 
backup. The main application is keep-alive-battery power 
switching for use in volatile CMOS RAM memory systems 
and real time clocks. In many applications this circuit will 
represent a low insertion voltage loss between the supplies 
and load. This circuit features low current consumption, 
wide operating voltage range, and exceptionally low leak- 
age between inputs. Logic outputs are provided that can be 
used to indicate which supply is connected and can also be 
used to increase the power switching capability of the circuit 
by driving external PNP transistors. 


ORDERING 

INFORMATION 


Part Number 

Temperature Range 

Package 

ICL7673CPA 

0°C to +70°C 

8 Pin Mini DIP 

ICL7673CBA 

0°C to +70°C 

8 Pin SOIC 

ICL7673ITV 

-25°C to +85°C 

8 Pin TO-99 


FEATURES 

• Automatically Connects Output to The Greater Of 
Either Input Supply Voltage 

® If Main Power to External Equipment Is Lost, Circuit 
Will Automatically Connect Battery Backup 

• Reconnects Main Power When Restored 

• Logic Indicator Signaling Status Of Main Power 
® Low Impedance Connection Switches 

• Low Internal Power Consumption 

• Wide Supply Range: 2.5 to 15 Volts 

• Low Leakage Between Inputs 

• External Transistors May Be Added If Very Large 
Currents Need to Be Switched 

APPLICATIONS 

° On Board Battery Backup for Real-Time Clocks, 
Timers, or Volatile RAMs 

• Over/Under Voltage Detector 
0 Peak Voltage Detector 

° Other Uses: 

—Portable Instruments, Portable Telephones, Line 
Operated Equipment 




HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL ~2 IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 302070-005 


NOTE: All typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 

Input Supply (Vp or Vs) Voltage (GND - 0.3) to + 18V 

Output Voltages Pbar and Sb ar (GND - 0.3) to + 18V 

Peak Current 

Input Vp (@ Vp = 5V) (note 1) 38mA 

Input Vs (@ Vg = 3V) 30mA 

Pbar Of Sbar 1 50mA 

Continuous Current 

Input Vp (@ Vp = 5V) (note 1) 38mA 

Input Vs (@ Vs = 3V) 30mA 

Pbar or Sbar 50mA 

Note 1. Derate above 25°C by 0.38mA/°C. 


Package Dissipation 300mW 

Derate 6.1 mW/Oc 

Operating Temperature Range: 

ICL7673C 0°C to +70°C 

ICL7673I -25°C to +85°C 

Storage Temperature -65°C to +1 50°C 

Lead Temperature (soldering, 1 0s) 300°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 



(Outline Dwg BA) 
8 LEAD SOIC 


Vr 



(Outline Dwg TV) 

8 LEAD TO-99 

Figure 2: Pin Configurations 



(Outline Dwg PA) 
8 LEAD Minldlp 


ELECTRICAL CHARACTERISTICS (T A =25°C unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 



Vr 

INPUT VOLTAGE 

Vs = 0 volts 

1 load = 0mA 

2.5 

_ 

15 

v 

Vs 


Vp = 0 volts 

1 load = 0mA 

2.5 

_ 

15 


1+ 

QUIESCENT SUPPLY 
CURRENT 

Vp = 0 volts 

Vs = 3 volts 
l load = 0mA 


1.5 

5 

jmA 

^ds(6n)P1 

SWITCH RESISTANCE 

PI 

(NOTE 2) 

Vp = 5 volts 

Vs = 3 volts 

1 load = 15mA 


8 

15 

ft 



@T a =85°C 

- 

16 

- 




Vp = 9 volts 

Vs = 3 volts 

1 load = 15mA 


6 


ft 



Vp= 12 volts 

Vs = 3 volts 

1 load = 15mA 


5 


ft 


NOTE: AH typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (Ta= 25°c unless otherwise specified) (Continued) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

Tc(P1) 

TEMPERATURE COEFFICIENT 

OF SWITCH RESISTANCE PI 

Vp = 5 volts 

Vs =3 volts 

1 load = 15mA 


0.5 


%/°C 

R ds(on)P2 

SWITCH RESISTANCE 

P2 

(NOTE 2) 

Vp = 0 volts 

Vs =3 volts 

1 load = 1mA 


40 

100 

a 



@T a = 85°C 

- 

60 

- 




Vp = 0 volts 

Vs =5 volts 

1 load = 1mA 


26 


n 



Vp = 0 volts 

Vs = 9 volts 

1 load = 1mA 


16 


n 

Tc(P2) 

TEMPERATURE COEFFICIENT 

OF SWITCH RESISTANCE P2 

Vp = 0 volts' 

Vs = 3 volts 

1 load = 1mA 


0.7 


%/°c 

lL(PS) 

LEAKAGE CURRENT 
(V P to V S ) 

Vp = 5 volts 

Vs = 3 volts 

1 load = 10mA 


0.01 

20 

nA 



@T a =85°C 

- 

35 

- 


lL(SP) 

LEAKAGE CURRENT 
(Vs to Vp) 

Vp = 0 volts 

Vs = 3 volts 

1 load = 1mA 


0.01 

50 

nA 



@ T a = 85°C 

- 

120 

- 


Vo Pbar 

OPEN DRAIN OUTPUT 
SATURATION VOLTAGES 

Vp = 5 volts 

Vs =3 volts 

1 sink = 3.2mA 

1 load = 0mA 


85 

400 

mV 



@T a =85°C 

- 

120 

- 




Vp = 9 volts 

Vs = 3 volts 

1 sink = 3.2mA 

1 load = 0mA 


50 


mV 



Vp = 12 volts 

Vs = 3 volts 

1 sink = 3.2mA 

1 load = 0mA 


40 


mV 

Vo Sbar 


Vp = 0 volts 

Vs = 3 volts 

1 sink = 3.2mA 

1 load = 0mA 


150 

400 

mV 



@T a = 85°C 

- 

210 

- 




Vp = 0 volts 

Vs = 5 volts 

1 sink= 3.2mA 

1 load = 0mA 


85 


mV 



Vp = 0 volts 

Vs =9 volts 

1 sink = 3.2mA 

1 load = 0mA 


50 


mV 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (t a = 25°C unless otherwise specified) (Continued) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

•l Pbar 

OUTPUT LEAKAGE 

CURRENTS 

OF Pbar AND Sbar 

Vp = 0 volts 

V s = 15 volts 

1 load = 0mA 




nA 



@T a = 85°C 

- 




•l Sbar 






nA 



@T a = 85°C 

- 






Vs = 3 volts 

1 sink= 3.2mA 

1 load = 0mA 

_ 



mV 


NOTE 2. The minimum input to output voltage can be determined by multiplying the load current by the switch resistance. 


TYPICAL PERFORMANCE CHARACTERISTICS 

ON-RESISTANCE SWITCH PI AS A FUNCTION 
OF INPUT VOLTAGE Vp 


ON-RESISTANCE SWITCH P2 AS A FUNCTION 
OF INPUT VOLTAGE V s 


<o 

co 


o 




CO 

CO 


© 



INPUT VOLTAGE Vp (V) 


INPUT VOLTAGE Vs 


0324-5 


0324-6 


NOTE: All typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


SUPPLY CURRENT AS A FUNCTION 
OF SUPPLY VOLTAGE 


Pbar OR Sbar SATURATION VOLTAGE 
AS A FUNCTION OF OUTPUT CURRENT 




SUPPLY VOLTAGE (V) 


OUTPUT CURRENT (mA) 


0324-7 


0324-8 


l s LEAKAGE CURRENT V P to V s AS 
A FUNCTION OF INPUT VOLTAGE 



INPUT V P VOLTS 


0324-9 


DETAILED DESCRIPTION 

As shown in the functional diagram (Figure 1), the 
ICL7673 includes a comparator which senses the input volt- 
ages Vp and Vs- The output of the comparator drives the 
first inverter and the open-drain N-channel transistor Pb ar - 
The first inverter drives a large P-channel switch, PI , a sec- 
ond inverter, and another open-drain N-channel transistor, 
Sbar- The second inverter drives another large P-channel 
switch P2. The ICL7673, connected to a main and a backup 
power supply, will connect the supply of greater potential to 
its output. The circuit provides break-before-make switch 
action as it switches from main to backup power in the 
event of a main power supply failure. For proper operation, 
inputs Vp and Vs must not be allowed to float, and, the 
difference in the two supplies must be greater than 50 milli- 
volts. The leakage current through the reverse biased para- 
sitic diode of switch P2 is very low. 

OUTPUT VOLTAGE 

The output operating voltage range is 2.5 to 15 volts. The 
insertion loss between either input and the output is a func- 
tion of load current, input voltage, and temperature. This is 
due to the P-channels being operated in their triode region, 
and, the ON-resistance of the switches is a function of out- 
put voltage V 0 . The ON-resistance of the P-channels have 
positive temperature coefficients, and therefore as tempera- 
ture increases the insertion loss also increases. At low load 
currents the output voltage is nearly equal to the greater of 
the two inputs. The maximum voltage drop across switch PI 
or P2 is 0.5 volts, since above this voltage the body-drain 
parasitic diode will become forward biased. Complete 
switching of the inputs and open-drain outputs typically oc- 
curs in 50 microseconds. 



NOTE: All typical values have been characterized but are not tested. 
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INPUT VOLTAGE 

The input operating voltage range for Vp or Vs is 2.5 to 1 5 
volts. The input supply voltage (Vp or Vs) slew rate should 
be limited to 2 volts per microsecond to avoid potential 
harm to the circuit. In line-operated systems, the rate-of-rise 
(or fall) of the supply is a function of power supply design. 
For battery applications it may be necessary to use a capac- 
itor between the input and ground pins to limit the rate-of- 
rise of the supply voltage. A low-impedance capacitor such 
as a 0.047 jllF disc ceramic can be used to reduce the rate- 
of-rise. 

STATUS INDICATOR OUTPUTS 

The N-channel open drain output transistors can be used 
to indicate which supply is connected, or can be used to 
drive external PNP transistors to increase the power switch- 
ing capability of the circuit. When using external PNP power 
transistors, the output current is limited by the beta and 
thermal characteristics of the power transistors. The appli- 
cation section details the use of external PNP transistors. 

APPLICATIONS 

A typical discrete battery backup circuit is illustrated in 
Figure 3. This approach requires several components, sub- 
stantial printed circuit board space, and high labor cost. It 
also consumes a fairly high quiescent current. The ICL7673 
battery backup circuit, illustrated in Figure 4, will often re- 
place such discrete designs and offer much better perform- 
ance, higher reliability, and lower system manufacturing 
cost. A trickle charge system could be implemented with an 
additional resistor and diode as shown in Figure 5. A com- 
plete low power AC to regulated DC system can be imple- 
mented using the ICL7673 and ICL7663S micropower volt- 
age regulator as shown in Figure 6. 




+5 VOLT O— t 

PRIMARY 1 

SUPPLY S 

T H t 2 

Vp Vb 

ICL 

7673 

Vs GND 

— O Vo 

+5 VOLTS 

OR 

+3.6 VOLTS 

PI 1 

RECHARGEABLE -ir 
BATTERY “y“ 


4 


unuv • ys 

0324-12 

Figure 5: Application Requiring Rechargeable 
Battery Backup 


Applications for the ICL7673 include volatile semiconduc- 
tor memory storage systems, real-time clocks, timers, alarm 
systems, and over/under voltage detectors. Other systems 
requiring DC power when the master AC line supply fails 
can also use the ICL7673. 

A typical application, as illustrated in Figure 7, would be a 
microprocessor system requiring a 5 volt supply. In the 
event of primary supply failure, the system is powered 
down, and a 3 volt battery is employed to maintain clock or 
volatile memory data. The main and backup supplies are 
connected to Vp and Vs, with the circuit output V 0 supplying 
power to the clock or volatile memory. The ICL7673 will 
sense the main supply, when energized, to be of greater 
potential than Vs and connect, via its internal MOS 
switches, Vp to output V 0 . The backup input, Vs will be dis- 
connected internally. In the event of main supply failure, the 
circuit will sense that the backup supply is now the greater 
potential, disconnect Vp from V 0 , and connect Vs- 

Figure 8 illustrates the use of external PNP power transis- 
tors to increase the power switching capability of the circuit. 
In this application the output current is limited by the beta 
and thermal characteristics of the power transistors. 

If hysteresis is desired for a particular low power applica- 
tion, positive feedback can be applied between the input Vp 
and open drain output Sbar through a resistor as illustrated 
in Figure 9. For high power applications hysteresis can be 
applied as shown in Figure 10. 

The ICL7673 can also be used as a clipping circuit as 
illustrated in Figure 1 1 . With high impedance loads the cir- 
cuit output will be nearly equal to the greater of the two 
input signals. 


NOTE: All typical values have been characterized but are not tested. 
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Figure 6: Power Supply for Low Power Portable AC to DC Systems 




Figure 7: Typical Microprocessor Memory Application 
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Figure 9: Low Current Battery Backup System With Hysteresis 











SEMICONDUCTOR 


ICL8211/ICL8212 

Programmable Voltage Detectors 


GENERAL DESCRIPTION 

The Harris ICL8211/8212 are micropower bipolar mono- 
lithic integrated circuits intended primarily for precise volt- 
age detection and generation. These circuits consist of an 
accurate voltage reference, a comparator and a pair of out- 
put buffer/drivers. 

Specifically, the ICL821 1 provides a 7mA current limited 
output sink when the voltage applied to the ‘THRESHOLD’ 
terminal is less than 1.15 volts (the internal reference). The 
ICL821 2 requires a voltage in excess of 1 .1 5 volts to switch 
its output on (no current limit). Both devices have a low 
current output (HYSTERESIS) which is switched on for in- 
put voltages in excess of 1.15V. The HYSTERESIS output 
may be used to provide positive and noise free output 
switching using a simple feedback network. 

ORDERING INFORMATION 


Part Number 

Temperature Range 

Package 

ICL8211CPA 

ICL8211CBA 

ICL821 ICTY 

ICL8211MTY* 

ICL8212CPA 

ICL8212CBA 

ICL8212CTY 

ICL8212MTY* 

0°C to +70°C 

0°C to +70°C 

0°C to + 70°C 

— 55°C to+125°C 

0°C to +70°C 

0°Cto +70°C 

0°C to +70°C 

— 55°C to+125°C 

8 lead Mini DIP 

8 lead SOIC 
TO-99 Can 
TO-99 Can 

8 lead Mini DIP 

8 lead SOIC 
TO-99 Can 
TO-99 Can 


FEATURES 

• High Accuracy Voltage Sensing and Generation: 
Internal Reference 1.15 Volts Typical 

® Low Sensitivity to Supply Voltage and Temperature 
Variations 

• Wide Supply Voltage Range: Typ. 1.8 to 30 Volts 

• Essentially Constant Supply Current Over Full Supply 
Voltage Range 

• Easy to Set Hysteresis Voltage Range 

• Defined Output Current Limit — ICL8211 
High Output Current Capability — ICL8212 

APPLICATIONS 

° Low Voltage Sensor/Indicator 

• High Voltage Sensor/Indicator 

° Non Volatile Out-of-Voltage Range Sensor/Indicator 
® Programmable Voltage Reference or Zener Diode 
° Series or Shunt Power Supply Regulator 
0 Fixed Value Constant Current Source 


* Add /883B to part number if 883B processing is required. 


VOLTAGE REFERENCE COMPARATOR OUTPUT BUFFERS 


016 Q17 Q18 




-xx x— o-Tqis 


(outline dwg PA) 


(outline dwg TV) 



1.15VI Vpef 

Q7 

t 

► R 1 Si 

<R3 

* 30 J 

<360kn 

’MO r 



09 Q10 


HYSTERESIS 


THRESHOLD 



S--TQ20 £rs 

<> 100W1 


(outline dwg BA) 

Figure 2: Pin Configurations 


- - - - ICL8211 option 
x x x X ICLG212 option 


GROUND 

0328-1 


Figure 1: Functional Diagram 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 303200-004 

NOTE: All typical values have been characterized but are not tested. p-1 57 
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ABSOLUTE MAXIMUM RATINGS (Notei) 

Supply Voltage -0.5 to +30 volts 

Output Voltage -0.5 to +30 volts 

Hysteresis Voltage + 0.5 to - 1 0 volts 

Threshold Input Voltage 

+ 30 to -5 volts with respect to GROUND and 
+ 0 to - 30 volts with respect to V + 
Current into Any Terminal ±30mA 


Power Dissipation (Note 1 & 2) 300mW 

Operating Temperature Range: 

ICL8211M/8212M -55°Cto +125°C 

ICL8211 C/821 2C 0°Cto +70°C 

Storage Temperature Range -65°Cto +150°C 

Lead Temperature (Soldering, lOsec) 300°C 


NOTE: Stresses above those listed under “ Absolute Maximum Ratings ” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


NOTE 1: Rating applies for case temperatures to 125°C to ICL8211MTY/8212MTY products. Derate linearly at -10mW/ o C for ambient temperatures above 
100°C. 


NOTE 2: Derate linearly above 50°C by -10mW/°C for ICL821 1 C/821 2C products. The threshold input voltage may exceed +7 volts for short periods of time. 
However for continuous operation this voltage must be maintained at a value less than 7 volts. 


ELECTRICAL CHARACTERISTICS <v+ = 5V, Ta= 25°C unless otherwise specified) 



Parameter 


ICL8211 

ICL8212 




EH 




BBS 

E2JJI 

1+ 


2.0<V + <30 

V TH = 1.3V 




40 

50 

110 

250 

tiA 



V th = 0.9V 





10 

20 

40 

juA 


Threshold Trip Voltage 

l0UT = 4mA 

V + =5V 



bei 

1.00 

1.15 

1.19 

mm 



V0UT = 2V 

V+ =2V 




1.00 

1.145 

1.19 




■ 

■ 


1.165 

m 

1.05 

1.165 

1.20 

MM 

VtHP 

Threshold Voltage Disparity 

l0UT = 4mA 

V 0 UT =2V 









Between Output & Hysteresis 
Output 

| hyst =7 m a 

V HYST=3V 


-8.0 



-0.5 


l?l 

VsUPPLY 

Guaranteed Operating Supply 

+ 25°C 


2.0 



2.0 


30 

■ 


Voltage Range (Note 5) 

0 to + 70°C 


2.2 



2.2 


30 

MM 

VSUPPLY 

Minimum Operating Supply 

+ 25°C 



1.8 



1.8 


MM 


Voltage Range 

+ 1 25°C 



1.4 



1.4 





— 55°C 



2.5 



2.5 


V 

av th /at 

Threshold Voltage 

l0UT = 4mA 



+ 200 



±200 




Temperature Coefficient 

V 0 UT = 2V 






av th /av+ 

Variation of Threshold Voltage 
with Supply Voltage 

AV + = 10% at V+ = 

5 V 


1.0 



1.0 



Ith 

Threshold Input Current 

V TH = 1.15V 



100 



100 

250 




V TH = 1.00V 



5 



5 



lOLK 

Output Leakage Current 

V O ut=30V 

V th = 0.9V 





■ 





VouT = 30V 

V TH = 1.3V 










VoUT = 5 V 

V th = 0.9V 










V 0UT =5 V 

V TH = 1.3V 





■ 



VSAT 

Output Saturation Voltage 

l0UT“ 4mA 

V TH = 0.9V 


0.17 

0.4 








V TH =1.3V 





0.17 



•OH 

Max Available Output Current 

(Note 3 & 4) 

V TH = 0.9V 

4 

7.0 








V 0U T=5V 

VJH-1.3V 








Ilhys 

Hysteresis Leakage Current 

V+=10V 

VhyST= ground 

> 

o 



H 



0.1 


VhyS (max) 

Hysteresis Sat Voltage 

•hyst^-^a 

V TH = 1.3V 



HS-f 



-0.2 



measured with respect to V + 



■ 





*HYS (max) 

Max Available Hysteresis Current 

V TH = 1.3V 

-15 

mm 



1!1I 


p.A 


NOTES: 3. The maximum output current of the ICL821 1 is limited by design to 15mA under any operating conditions. The output voltage may be sustained at any 
voltage up to + 30V as long as the maximum power dissipation of the device is not exceeded. 

4. The maximum output current of the ICL8212 is not defined, and systems using the ICL8212 must therefore ensure that the output current does not 
exceed 30mA and that the maximum power dissipation of the device is not exceeded. 

5. Threshold Trip Voltage is 0.80V(min) to 1.30V(max). At Iqut = 3 mA - 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS ICL8211 MTY/8212MTY (v+=5V,T A =-55°cto +125-C) 


Symbol 

Parameter 

Test Conditions 

ICL8211 

ICL8212 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

1 + 

Supply Current 

2.8<V+<30 

V t = 1.3V 

V t = 0.8V 



100 

350 



350 

100 

jliA 

/xA 

V TH 

Threshold Trip Voltage 

louT = 2mA 

VoUT=2V V+=2.8V 

V+=30V 

0.80 

0.80 


1.30 

1.30 

0.80 

0.80 


1.30 

1.30 

V 

V 

VsilPPLY 

Guaranteed Operating 

Supply Voltage Range 

(Note 5) 

2.8 


30 

2.8 


30 

V 

Ith 

Threshold Input Current 

V T h = 1-15V 



400 



400 

nA 

•OLK 

Output Leakage Current 

VoUT = 30V V th = 0.8V 

Vth = 1.3 V 



20 



20 

< < 

V SAT 

Output Saturation 

Voltage 

l0UT = 3mA Vjh = 0.8V 

v TH = 1.3V 



0.5 



0.5 

V 

V 

•oh 

Max Available 

Output Current 

(Note 3 & 4) V T h = 0.8V 

Vout=5V Vth = 1.3 V 

3 


15 

9 



< < 
E E 

•lhys 

Hysteresis Leakage 

Current 

v+ = iov v TH = o.8V 

Vhyst= ground 



0.2 



0.2 

jxA 

VHYS(max) 

Hysteresis Saturation Voltage 

Ihyst=-7/xA Vth = 1.3V 
measured with respect to V+ 



0.3 



0.3 

V 

iHYS(max) 

Max Available 

Hysteresis Current 

V TH = 1.3V 

10 



10 



ju,A 


NOTE: All typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS COMMON TO ICL8211 AND ICL8212 


THRESHOLD INPUT CURRENT AS A 
FUNCTION OF THRESHOLD VOLTAGE 



THRESHOLD VOLTAGE -V TH 
(IRREGULAR SCALE) 


HYSTERESIS OUTPUT SATURATION CURRENT 
AS A FUNCTION OF TEMPERATURE 
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TYPICAL PERFORMANCE CHARACTERISTICS ICL8211 ONLY 


SUPPLY CURRENT ASA 
FUNCTION OF SUPPLY VOLTAGE 
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SUPPLY CURRENT ASA 
FUNCTION OF THRESHOLD VOLTAGE 



THRESHOLD VOLTAGE - Vth 
(IRREGULAR SCALE) 


SUPPLY CURRENT ASA 
FUNCTION OF TEMPERATURE 



TEMPERATURE °C 


OUTPUT SATURATION CURRENTS 
AS A FUNCTION OF 
THRESHOLD VOLTAGE 
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THRESHOLD VOLTAGE TO TURN 
OUTPUTS “JUST ON” AS A 
FUNCTION OF TEMPERATURE 



-25 +5 +35 +65 +95 +125 
TEMPERATURE °C 
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THRESHOLD VOLTAGE TO TURN 
OUTPUTS “JUST ON” AS A 
FUNCTION OF SUPPLY VOLTAGE 



2 3 4 5 10 20304050 100 

SUPPLY VOLTAGE 


NOTE: All typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS ICL8211 ONLY (Continued) 


OUTPUT SATURATION CURRENT 
AS A FUNCTION OF 
TEMPERATURE 



-55 -25 +5 +35 +65 +95 +125 

TEMPERATURE °C 


OUTPUT CURRENT AS A 
FUNCTION OF OUTPUT VOLTAGE 
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TYPICAL PERFORMANCE CHARACTERISTICS ICL8212 ONLY 


SUPPLY CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 
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THRESHOLD VOLTAGE TO TURN 
OUTPUTS “JUST ON” AS A 
FUNCTION OF TEMPERATURE 
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THRESHOLD VOLTAGE TO TURN 
OUTPUTS “JUST ON” AS A 
FUNCTION OF SUPPLY VOLTAGE 
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NOTE: All typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS ICL8212 ONLY (Continued) 


OUTPUT SATURATION VOLTAGE 
AND CURRENT AS A FUNCTION 
OF TEMPERATURE 


OUTPUT CURRENT ASA 
FUNCTION OF OUTPUT VOLTAGE 
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AS A FUNCTION OF HYSTERESIS 
OUTPUT VOLTAGE 
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DETAILED DESCRIPTION 

The ICL8211 and ICL8212 use standard linear bipolar in- 
tegrated circuit technology with high value thin film resistors 
which define extremely low value currents. 

Components Q-j thru Q-jo and R-j, R 2 and R 3 set up an 
accurate voltage reference of 1.15 volts. This reference 
voltage is close to the value of the bandgap voltage for 
silicon and is highly stable with respect to both temperature 
and supply voltage. The deviation from the bandgap voltage 
is necessary due to the negative temperature coefficient of 
the thin film resistors (-5000 ppm per °C). 

Components Q2 thru Qg and R 2 make up a constant cur- 
rent source; Q 2 and Q 3 are identical and form a current 
mirror. Qg has 7 times the emitter area of Qg, and due to the 
current mirror, the collector currents of Qg and Qg are 
forced to be equal and it can be shown that the collector 
current in Qg and Qg is 

1 kT 

l c (Q 8 0 rQ 9 ) =— X— In7 

R 2 q 

or approximately 1 juA at 25°C 
Where k= Boltzman’s constant 
q= charge on an electron 
and T = absolute temperature in °K 

Transistors Q5, Qg, and Q7 assure that the Vce of Q3, Q4, 
and Qg remain constant with supply voltage variations. This 
ensures a constant current supply free from variations. 

The base current of Qi provides sufficient start up current 
for the constant source; there being two stable states for 
this type of circuit — either ON as defined above, or OFF if 
no start up current is provided. Leakage current in the tran- 
sistors is not sufficient in itself to guarantee reliable startup. 

Q 4 is matched to Q 3 and Q 2 ; Q 10 is matched to Qg. Thus 
the lc and Vbe of Q-jo are identical to that of Qg or Qg. To 
generate the bandgap voltage, it is necessary to sum a volt- 
age equal to the base emitter voltage of Qg to a voltage 
proportional to the difference of the base emitter voltages 
of two transistors Qg and Qg operating at two current densi- 
ties. 


R IxT 

Thus 1.1 5 = V BE (Q 9 or Qio) + tt X— In7 

R 2 q 

R 3 

which provides — = 12 (approx.) 

R 2 

The total supply current consumed by the voltage refer- 
ence section is approximately 6 /xA at room temperature. A 
voltage at the THRESHOLD input is compared to the refer- 
ence 1.15 volts by the comparator consisting of transistors 
Q -11 thru Q 17 . The outputs from the comparator are limited 
to two diode drops less than V+ or approximately 1.1 volts. 
Thus the base current into the hysteresis output transistor is 
limited to about 500nA and the collector current of Q-ig to 
100 fxA. 

In the case of the ICL821 1 , Q 2 i is proportioned to have 
70 times the emitter area of Q 2 o thereby limiting the output 
current to approximately 7mA, whereas for the ICL8212 al- 
most all the collector current of Q-|g is available for base 
drive to Q 2 i, resulting in a maximum available collector cur- 
rent of the order of 30mA. It is advisable to externally limit 
this current to 25mA or less. 

APPLICATIONS 

The ICL8211 and ICL8212 are similar in many respects, 
especially with regard to the setup of the input trip condi- 
tions and hysteresis circuitry. The following discussion de- 
scribes both devices, and where differences occur they are 
clearly noted. 

General Information 

THRESHOLD INPUT CONSIDERATIONS 

Although any voltage between -5V and V+ may be ap- 
plied to the THRESHOLD terminal, it is recommended that 
the THRESHOLD voltage does not exceed about +6 volts 
since above that voltage the threshold input current increas- 
es sharply. Also, prolonged operation above this voltage will 
lead to degradation of device characteristics. 


NOTE: All typical values have been characterized but are not tested. 
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The outputs change states with an input THRESHOLD 
voltage of approximately 1.15 volts. Input and output wave- 
forms are shown in Figure 3 for a simple 1.15 volt level 
detector. 

The HYSTERESIS output is a low current output and is 
intended primarily for input threshold voltage hysteresis ap- 
plications. If this output is used for other applications it is 
suggested that output currents be limited to 10 /j.A or less. 

The regular OUTPUT’S from either the ICL8211 or 
ICL8212 may be used to drive most of the common logic 
families such as TTL or C-MOS using a single pullup resis- 
tor. There is a guaranteed TTL fanout of 2 for the ICL821 1 
and 4 for the ICL8212. 


v + 



A principal application of the ICL821 1 is voltage level de- 
tection, and for that reason the OUTPUT current has been 
limited to typically 7mA to permit direct drive of an LED 
connected to the positive supply without a series current 
limiting resistor. 

On the other hand the ICL8212 is intended for applica- 
tions such as programmable zener references, and voltage 
regulators where output currents well in excess of 7mA are 
desirable. Therefore, the output of the ICL8212 is not cur- 
rent limited, and if the output is used to drive an LED, a 
series current limiting resistor must be used. 

In most applications an input resistor divider network may 
be used to generate the 1.15V required for Vjh- For high 
accuracy, currents as large as 50jnA may be used, however 
for those applications where current limiting may be desir- 
able, (such as when operating from a battery) currents as 
low as 6ju,A may be considered without a great loss of accu- 
racy. 6 jlxA represents a practical minimum, since it is about 
this level where the device’s own input current becomes a 
significant percentage of that flowing in the divider network. 



0328-27 

Figure 5: Input Resistor 
Network Considerations 


Case 1. High accuracy required, current in resistor network 
unimportant Set I = 50jllA for Vjh = 1.15 volts 
/.R 1 ->20kn. 

Case 2. Good accuracy required, current in resistor network 
important Set l = 7.5jaA for Vjh = 1.15 volts 
.'.Ri — ► 150kH. 

SETUP PROCEDURES FOR VOLTAGE LEVEL 
DETECTION 

Case 1 . Simple voltage detection — no hysteresis 
Unless an input voltage of approximately 1.15 volts is to 
be detected, resistor networks will be used to divide or mul- 
tiply the unknown voltage to be sensed. Figure 7 shows 
procedures on how to set up resistor networks to detect 
INPUT VOLTAGES of any magnitude and polarity. 

For supply voltage level detection applications the input 
resistor network is connected across the supply terminals 
as shown in Figure 8. 



NOTE: All typical values have been characterized but are not tested. 
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hysteresis is to provide positive feedback to the input trip 
point such that there is a voltage difference between the 
input voltage necessary to turn the outputs ON and OFF. 

The advantage of hysteresis is especially apparent in 
electrically noisy environments where simple but positive 
voltage detection is required. Hysteresis circuitry, however, 
is not limited to applications requiring better noise perform- 
ance but may be expanded into highly complex systems 
with multiple voltage level detection and memory applica- 
tions — refer to specific applications section. 

There are two simple methods to apply hysteresis to a 
circuit for use in supply voltage level detection. These are 
shown in Figure 9. 

The circuit (a) of Figure 9 requires that the full current 
flowing in the resistor network be sourced by the HYSTER- 
ESIS output, whereas for circuit (b) the current to be 
sourced by the HYSTERESIS output will be a function of the 
ratio of the two trip points and their values. For low values 
of hysteresis, circuit (b) is to be preferred due to the offset 
voltage of the hysteresis output transistor. 

A third way to obtain hysteresis (ICL821 1 only) is to con- 
nect a resistor between the OUTPUT and the THRESHOLD 
terminals thereby reducing the total external resistance be- 
tween the THRESHOLD and GROUND when the OUTPUT 
is switched on. 

Practical Applications 

a) Low Voltage Battery Indicator (Figure 10) 

This application is particularly suitable for portable or re- 
mote operated equipment which requires an indication of a 
depleted or discharged battery. The quiescent current taken 
by the system will be typically 35jllA which will increase to 
7mA when the lamp is turned on. R 3 will provide hysteresis 
if required. 

b) Non-Volatile Low Voltage Detector (Figure 11) 

In this application the high trip voltage Vjr 2 is set to be 

above the normal supply voltage range. On power up the 
initial condition is A. On momentarily closing switch Si the 
operating point changes to B and will remain at B until the 
supply voltage drops below Vjri, at which time the output 
will revert to condition A. Note that state A is always re- 
tained if the supply voltage is reduced below Vjri (even to 
zero volts) and then raised back to Vnqm- 

c) Non-Volatile Power Supply Malfunction Recorder 
(Figures 12 and 13) 

In many systems a transient or an extended abnormal (or 
absence of a) supply voltage will cause a system failure. 
This failure may take the form of information lost in a vola- 
tile semiconductor memory stack, a loss of time in a timer or 
even possible irreversible damage to components if a sup- 
ply voltage exceeds a certain value. 

It is, therefore, necessary to be able to detect and store 
the fact that an out-of-operating range supply voltage 
condition has occurred, even in the case where a supply 
voltage may have dropped to zero. Upon power up to the 
normal operating voltage this record must have been re- 
tained and easily interrogated. This could be important in 
Case 2. Use of the HYSTERESIS function the case of a transient power failure due to a faulty compo- 

The disadvantage of the simple detection circuits is that nent or intermittent power supply, open circuit, etc., where 
there is a small but finite input range where the outputs are direct observation of the failure is difficult, 
neither totally ‘ON’ nor totally ‘OFF’. The principle behind 



Input voltage to change the output states 
= (Ri+M x11Svolts 
R 1 

Figure 6: Range of Input Voltage 
Greater Than + 1.15 Volts 


MAY BE ANY STABLE VOLTAGE 
REFERENCE GREATER 
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Range of input voltage less than +1.15 volts. 

Input voltage to change the output states 
= ( R i + R 2)xi-15 r 2 V REF 
r i R i 

Figure 7: Input Resistor Network 
Setup Procedures 



NOTE: All typical values have been characterized but are not tested. 
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Low trip voltage 

r (R*l +R 2 X1.15 , 

VTR 1 = l — — H 

High trip voltage 


+ 0.1 volts 


(Ri + Rp + R3) 

V TR2 = -xi.15volts 



Low trip voltage 

= X+X1.15VOI.S 

High trip voltage 


VTR 2 = (Rp * Rq) X 1 .1 5 volts 
Rp 


■ R 3 - 9 * 

HWNHII m 


*R 3 optional 
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Figure 10: Low Voltage Battery Indicator 
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Figure 11: Non-Volatile Low Voltage Indicator 


SUPPLY - 
VOLTAGE 


Figure 9: Two alternative voltage 
detection circuits employing 
hysteresis to provide pairs of 
well defined trip voltages. 
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A simple circuit to record an out of range voltage excur- 
sion may be constructed using an ICL8211, an ICL8212 
plus a few resistors. This circuit will operate to 30 volts with- 
out exceeding the maximum ratings of the I.C.’s. The two 
voltage limits defining the in range supply voltage may be 
set to any value between 2.0 and 30 volts. 


OUTPUT ICL8211 

ICL8212 DISCONNECTED OUTPUT ICL8212 


r 

Vnom 1 

L 

_ 



L 

[Vi 

jv 2 


SUPPLY VOLTAGE 



SUPPLY VOLTAGE 


OUTPUT ICLB211 
AS PER FIGURE 9 

I ! 1 



SUPPLY VOLTAGE 


Figure 13: Output States of the 
ICL8211 and ICL8212asa 
Function of the Supply Voltage 
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The ICL8212 is used to detect a voltage, V 2 , which is the 
upper voltage limit to the operating voltage range. The 
ICL8211 detects the lower voltage limit of the operating 
voltage range, V-|. Hysteresis is used with the ICL8211 so 
that the output can be stable in either state over the operat- 
ing voltage range Vi to V 2 by making V 3 — the upper trip 
point of the ICL821 1 much higher in voltage than V 2 . 

The output of the JCL8212 is used to force the output of 
the ICL821 1 into the ON state above V 2 . Thus there is no 
value of the supply voltage that will result in the output of 
the ICL821 1 changing from the ON state to the OFF state. 
This may be achieved only by shorting out R 3 for values of 
supply voltage between Vi and V 2 . 

d) Constant Current Sources (Figure 1 4) 

The ICL8212 may be used as a constant current source 
of value of approximately 25/aA by connecting the 
THRESHOLD terminal to GROUND. Similarly the ICL821 1 
will provide a 130juiA constant current source. The equiva- 
lent parallel resistance is in the tens of megohms over the 
supply voltage range of 2 to 30 volts. These constant cur- 
rent sources may be used to provide biasing for various 
circuitry including differential amplifiers and comparators. 
See Typical Operating Characteristics for complete informa- 
tion. 

e) Programmable Zener Voltage Reference 
(Figure 15) 

The ICL8212 may be used to simulate a zener diode by 
connecting the OUTPUT terminal to the Vz output and us- 
ing a resistor network connected to the THRESHOLD termi- 
nal to program the zener voltage 

Vzener = X 1 .1 5 volts. 

Hi 

Since there is no internal compensation in the ICL8212 it 
is necessary to use a large capacitor across the output to 
prevent oscillation. 

Zener voltages from 2 to 30 volts may be programmed 
and typical impedance values between 300 jul A and 25mA 
will range from 4 to 7ft. The knee is sharper and occurs at a 
significantly lower current than other similar devices avail- 
able. 
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Figure 15: Programmable Zener 
Voltage Reference 



f) Precision Voltage Regulator (Figure 16) 

The ICL8212 may be used as the controller for a highly 
stable series voltage regulator. The output voltage is simply 
programmed, using a resistor divider network Ri and F* 2 - 
Two capacitors Ci and C 2 are required to ensure stability 
since the ICL8212 is uncompensated internally. 


NOTE: All typical values have been characterized but are not tested. 
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This regulator may be used with lower input voltages than 
most other commercially available regulators and also con- 
sumes less power for a given output control current than 


any commercial regulator. Applications would therefore in- 
clude battery operated equipment especially those operat- 
ing at low voltages. 

g) High Supply Voltage Dump Circuit (Figure 17) 

In many circuit applications it is desirable to remove the 
power supply in the case of high voltage overload. For cir- 
cuits consuming less than 5mA this may be achieved using 
an ICL8211 driving the load directly. For higher load cur- 
rents it is necessary to use an external pnp transistor or 
darlington pair driven by the output of the ICL8211. Resis- 
tors Ri and R 2 set up the disconnect voltage and R 3 pro- 
vides optional voltage hysteresis if so desired. 

h) Frequency Limit Detector (Figure 18) 

Simple frequency limit detectors providing a GO/NO-GO 
output for use with varying amplitude input signals may be 
conveniently implemented with the ICL821 1/8212. In the 
application shown, the first ICL8212 is used as a zero cross- 
ing detector. The output circuit consisting of R 3 , R 4 and C 2 
results in a slow output positive ramp. The negative range is 
much faster than the positive range. R 5 and Rg provide hys- 
teresis so that under all circumstances the second ICL8212 
is turned on for sufficient time to discharge C 3 . The time 
constant of R 7 C 3 is much greater than R 4 C 2 . Depending 
upon the desired output polarities for low and high input 
frequencies, either an ICL8211 or an ICL8212 may be used 
as the output driver. 

This circuit is sensitive to supply voltage variations and 
should be used with a stabilized power supply. At very low 
frequencies the output will switch at the input frequency. 




TIME CONSTANT R3 C2 ^ R4 C2 < R7 C3 

VARY Ri FOR OPTION ZERO CROSSING DETECTION 

VARY R4 TO SET DETECTION FREQUENCY 



Figure 18: Frequency Limit Detector 
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NOTE: All typical values have been characterized but are not tested. 
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i) Switch Bounce Filter (Figure 19) 

Single pole single throw (SPST) switches are less costly 
and more available than single pole double throw (SPDT) 
switches. SPST switches range from push button and slide 
types to calculator keyboards. A major problem with the use 
of switches is the mechanical bounce of the electrical con- 
tacts on closure. Contact bounce times can range from a 
fraction of a millisecond to several tens of milliseconds de- 
pending upon the switch type. During this contact bounce 
time the switch may make and break contact several times. 
The circuit shown in Figure 1 9 provides a rapid charge up of 
Ct to close to the positive supply voltage (V+) on a switch 
closure and a corresponding slow discharge of Ci on a 
switch break. By proportioning the time constant of R-i C 1 to 
approximately the manufacturer’s bounce time the output 
as terminal #4 of the ICL8211/8212 will be a single tran- 
sition of state per desired switch closure. 

j) Low Voltage Power Disconnect (Figure 20) 

There are some classes of circuits that require the power 

supply to be disconnected if the power supply voltage falls 
below a certain value. As an example, the National LM199 
precision reference has an on chip heater which malfunc- 
tions with supply voltages below 9 volts causing an exces- 
sive device temperature. The ICL8212 may be used to de- 
tect a power supply voltage of 9 volts and turn the power 
supply off to the LM199 heater section below that voltage. 

For further applications, see A027 “Power Supply Design 
using the ICL821 1 and ICL8212.” 



0328-44 

Figure 19: Switch Bounce Filter 



NOTE: All typical values have been characterized but are not tested. 
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SELECTION GUIDE 3-4 

OPERATIONAL AMPLIFIERS DATASHEETS 

CA 124 Internally Compensated, Quad 3-11 

CA 158, A Internally Compensated, Dual 3-18 

CA 224 Internally Compensated, Quad 3-11 

CA 258, A Internally Compensated, Dual 3-18 

CA 324 Internally Compensated, Quad 3-11 

CA 358, A Internally Compensated, Dual 3-18 

CA 741 , C Internally Compensated, Single 3-29 

CA 1458 Dual 741 Without Offset Null, Dual 3-29 

CA 1558 Dual 741 Without Offset Null, Dual 3-29 

CA 2902 Internally Compensated, Quad 3-11 

CA 2904 Internally Compensated, Dual 3-18 

CA 3020, A Multi-Purpose Wideband Power Amplifier, Single 3-35 

CA 3060 Programmable/Variable OTA, Triple 3-43 

CA 3078, A Micropower, Externally Compensated, Single 3-54 

CA 3080, A Programmable/Variable OTA, Single 3-62 

CA 3094, A, B Programmable Power Switch/Amplifier, Single 3-71 

CA 3100 ±15V, BiMOS, 38MHz, GBW Product, Single 3-82 

CA 31 30, A ±7V, BiMOS, 15MHz, GBW Product, Single 3-88 

CA 3140, A ±15V, BiMOS, 4.5MHz, GBW Product, Single 3-102 

CA 31 60, A ±7.5V, BiMOS, 4MHz, GBW Product, Single 3-122 

(Continued on page 3-2) 


NOTE: Bold type designates a new product from Harris. 
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OPERATIONAL AMPLIFIERS (Continued) 


OPERATIONAL AMPLIFIERS DATA SHEETS PAGE 

CA 31 93, A BiMOS Precision, Single 3-138 

CA 3240, A ±1 5V, BiMOS, Int. Comp., Dual 3-149 

CA 3260, A ±7.5V, BiMOS, Int. Comp., Dual 3-163 

CA 3280, A Programmable/Variable OTA, Dual 3-167 

CA 3420, A Low Voltage BiMOS Op Amp, Single 3-176 

CA 3440, A Nanopower BiMOS Op Amp, Single 3-181 

CA 3450 Video Line Driver, Highspeed, Single 3-186 

CA 51 30, A High Slew Rate and Wide Bandwidth, Single 3-194 

CA 51 60, A Frequency-compensated CA 5130, Single 3-211 

CA 5260, A DuaICA 5130 3-229 

CA 5420, A Low Input Current, Low Power, Single 3-235 

CA 5470 Wideband BiMOS, Quad 3-242 

HA 2400,04,05 PRAM Four Channel Programmable Amplifier, Quad 3-247 

HA 2406 Digitally Selectable Four Channel Amplifier, Quad 3-251 

HA 2444 Selectable, Four Channel Video Operational Amplifier 3-255 

HA 2500,02,05 Precision High Slew Rate, Single 3-258 

HA 251 0, 1 2, 1 5 High Slew Rate, Single 3-262 

HA 2520, 22, 25 Uncompensated High Slew Rate, Single 3-266 

HA 2529 Uncompensated, High Slew Rate, Single 3-271 

HA 2539 Very High Slew Rate Wideband Amplifier, Single 3-277 

HA 2540 Wideband, Fast Settling, Single 3-283 

HA 2541 Wideband, Fast Settling, Unity Gain Stable, Single 3-289 

HA 2542 Wideband, High Slew Rate, High Output Current, Single 3-296 

HA 2544 Video Optimized, Single 3-304 

HA 2548 Precision, High Slew Rate, Wideband, Single 3-313 

HA 2600, 02, 05 Wideband, High Impedance, Single 3-320 

HA 2620,22,25 Very Wideband, Uncompensated, Single 3-325 

HA 2640,45 High Voltage, Single 3-330 

HA 2839 Very High Slew Rate Wideband Operational Amplifier 3-335 

HA 2840 Very High Slew Rate Wideband Operational Amplifier 3-338 

v, HA 2841 Wideband, Fast Settling, Unity Gain Stable, Video Operational Amplifier 3-341 

HA 2842 Wideband, High Slew Rate, High Output Current, Video Operational Amplifier . . 3-344 

HA 2850 Low Power, High Slew Rate, Wideband Operational Amplifier 3-347 

HA 4741 Enhanced Performance 741 -type, Quad 3-350 

HA 5002 Monolithic, Wideband, High Slew Rate, High Output Current Buffer 3-354 

HA 5004 100MHz Current Feedback Amplifier, Single 3-361 

HA 5020 100MHz Current Feedback Video Amplifier 3-368 


NOTE: Bold type designates a new product from Harris. 
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OPERATIONAL AMPLIFIERS DATASHEETS PAGE 

HA 5033 Video Buffer 3-372 

HA 5101,11 Low Noise, High Performance, Single 3-381 

HA 5102, 12 Low Noise, High Performance, Dual 3-391 

HA 5104,14 Low Noise, High Performance, Quad 3-391 

HA 51 27, A Ultra-Low Noise, Precision, Single 3-400 

HA 5130, 35 Precision, Single 3-408 

HA 5134 Precision, Quad 3-415 

HA 51 37, A Ultra-Low Noise, Precision, High Slew Rate, Single 3-422 

HA 5142,44 Dual/Quad Low Power 3-428 

HA 5147 Ultra-Low Noise, Precision, High Slew Rate, Single 3-435 

HA 5160,62 Wideband, JFET Input, High Slew Rate, Single 3-441 

HA 5170 Precision, JFET Input, Single 3-448 

HA 5177, A Ultra-Low Offset Voltage, Single 3-453 

HA 5190, 95 Wideband, Fast Settling, Single 3-461 

HA 5221,22 Low Noise, Wideband, Precision, Single/Dual 3-468 

HA 5232, 34 Low Cost Precision Operational Amplifiers 3-478 

HA 7712,13 Low Power Precision BiMOS Operational Amplifiers 3-481 

HFA 0001 Ultra High Slew Rate, Single 3-485 

H FA 0002 Low Noise Wideband, Single 3-494 

HFA 0005 High Slew Rate, Single 3-502 

ICL 7611 Low Power, Single 3-511 

ICL 7612 Low Power, Single 3-511 

ICL 7621 Low Power, Dual 3-51 1 

ICL 7641 Low Power, Quad 3-51 1 

ICL 7642 Low Power, Quad 3-51 1 

ICL 7650S Chopper-Stabilized, Single 3-526 

LM 324 Internally Compensated, Quad 3-11 

LM 358 Internally Compensated, Dual 3-18 

LM741.C Internally Compensated, Single 3-29 

LM 1458 Internally Compensated, Dual 3-29 

LM 1558 Internally Compensated, Dual 3-29 

LM 2902 Internally Compensated, Quad 3-11 

LM 2904 Internally Compensated, Dual 3-18 

OPERATIONAL AMPLIFIERS GLOSSARY OF TERMS 3-536 


NOTE: Bold type designates a new product from Harris. 
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SINGLE-SUPPLY: Min/Max Limits @ +25°C, Unless Otherwise Specified 


DEVICE 

SUPPLY 

CURRENT 

mA 

(MAX) 

INPUT 

OFFSET 

VOLTAGE 

mV 

(MAX) 

DOES 

INPUT 

INCLUDE 

GROUND? 

RAIL-TO 

RAIL 

OUTPUT? 

INPUT 

BIAS 

CURRENT 

nA 

(MAX) 

GAIN 

BANDWIDTH 

PRODUCT 

MHz 

(TYP) 

SLEW 

RATE 

V/us 

(TYP) 

LARGE 

SIGNAL 

VOLTAGE 

GAIN 

dB 

(MIN) 

OUTPUT 

CURRENT 

mA 

(MIN) 

SINGLE 

CA3440A 

0.017 

5 

■piM 

NO 

0.04 

0.063 

0.03 


15 

CA3440 

0.017 

10 


NO 

0.05 

0.063 

0.03 


15 

ICL7612A 

0.02 

2 


YES 

0.05 

0.04 

0.016 


8 

ICL7611A 

0.02 

2 

NO 

YES 

0.05 

0.04 

0.016 


8 

ICL761 2D 

0.02 

15 

YES 

YES 

0.05 

0.04 

0.016 

80 

8 

ICL761 ID 

0.02 

15 

NO 

YES 

0.05 

0.04 

0.016 

80 

8 

CA5160A 

0.1 

4 

YES 

YES 

0.01 

4 

10 

90 

4 

CA5130A 

0.1 

4 

YES 

YES 

0.01 

4 

10 

90 

4 

CA5160 

0.1 

10 

YES 

YES 

0.015 

4 

10 

85 

4 

CA5130 

0.1 

10 

YES 

YES 

0.015 

4 

10 

85 

4 

CA3130A 

0.3 

5 

YES 

YES 

0.03 

15 

10 

100 

12 

CA3130 

0.3 

15 

YES 

YES 

0.05 

15 

10 

100 

12 

CA5420A 

0.5 

5 

YES 

YES 

0.001 

0.5 

0.5 

85 

1.2 

CA5420 

0.5 

10 

YES 

YES 

0.002 

0.5 

0.5 

85 

1.2 

CA3420A 

0.65 

5 

YES 

YES 

0.005 

0.5 

0.5 

86 

2.6 

CA3420 

0.65 

10 

YES 

YES 

0.005 

0.5 

0.5 

80 

2.6 

CA3140A 

2.5 

5 

YES 

NO 

0.04 

3.7 

9 

86 

12 

CA3140 

2.5 

15 

YES 

NO 

0.05 

3.7 

9 

86 

12 

CA3160A 

15 

5 

YES 

YES 

0.03 

4 

10 

94 

12 

CA31 60 

15 

15 

YES 

YES 

0.05 

4 

10 

94 

12 

DUALS 

HA-5142 

0.16 

6 

YES 

NO 

100 

0.4 

1.5 

86 

4.5 

ICL7621A 

0.25 

2 

NO 

YES 

0.05 

0.5 

0.16 

86 

8 

ICL7621D 

0.25 

15 

NO 

YES 

0.05 

0.5 

0.16 

80 

8 

CA158A 

1.2 

3 

YES 

NO 

100 

1 

0.5 

88 

20 

CA358 

1.2 

7 

YES 

NO 

250 

1 

0.5 

88 

20 

CA5260A 

2 

4 

YES 

YES 

0.015 

3 

5 

83 

1.75 

CA3260A 

2 

5 

YES 

YES 

0.03 

4 

10 

94 

12 

CA5260 

2 

15 

YES 

YES 

0.015 

3 

5 

80 

1.75 

CA3260 

2 

15 

YES 

YES 

0.05 

4 

10 

94 

12 

CA3240A 

2.5 

5 

YES 

NO 

0.04 

3.7 

9 

86 

12 

CA3240 

2.5 

15 

YES 

NO 

0.05 

3.7 

9 

86 

12 

QUADS 

ICL7642C 

0.022 

10 

H 

YES 

0.05 

0.044 

0.016 

80 

8 

ICL7642E 

0.022 

20 


YES 

0.05 

0.044 

0.016 

80 

8 

HA-5144 

0.32 

6 

■ 

NO 

100 

0.4 

1.5 

86 

4.5 

CA324 

2 

7 

■ 

NO 

250 

1 

0.5 

86 

10 

CA124 

2 

5 


NO 

150 

1 

0.5 

94 

10 

ICL7641C 

2.5 

10 

NO 

YES 

0.05 

1.4 

1.6 

80 

8 

ICL7641E 

2.5 

20 

NO 

YES 

0.05 

1.4 

1.6 

80 

8 

CA5470 

10 

22 

YES 

NO 

0.01 

14 

5 

80 

4 


3 - 





































Selection Guide 


PRECISION: Min/Max Limits @ +25°C, Unless Otherwise Specified 



HA-51 34A 

HA-5234 

HA-5114 

HA-5104 

HA-5144 

CA224 

CA324 

CA2902 


OFFSET 

VOLTAGE 

V|0 

DRIFT 

(typ) 

BIAS 

CURRENT 

OFFSET 

CURRENT 

CMRR 

PSRR 

GBWP 

SLEW 

RATE 

avol 

(mV) 

(jjV/°C) 

(nA) 

(nA) 

(dB) 

(dB) 

(MHz) 

(V/ps) 

(dB) 


SUPPLY 

CURRENT 

(mA) 



HA-5232 

0.500 

5.0 

10 

10 

100 

100 

0.5 


108 

HA-5222 

0.75 

0.5 

80 

50 

86 

86 

100.0 


106 

CA1 58A 

2.0 

7.0 

50 

10 

70 

65 

1.0 

0.5 

94 

HA-5102 

2.0 

3.0 

200 

75 

86 

86 

60.0 

3.0 

100 

HA-51 1 2 

2.0 

3.0 

200 

75 

86 

86 

60.0 

20.0 

100 

ICL7621 

2.0 

10.0 

0.05 

0.03 

76 

80 

1.4 

1.6 

80 

CA3280 

3.0 

5.0 

5000 

700 

80 

86 

9.0 

125.0 

94 

CA258A 

3.0 

7.0 

80 

15 

70 

65 

1.0 

0.5 

94 

CA358A 

3.0 

7.0 

100 

30 

65 

65 

1.0 

0.5 

88 




OPERATIONAL 

AMPLIFIERS 













































Selection Guide 


LOW BIAS CURRENT: Min/Max Limits @ +25°C, Unless Otherwise Specified 


DEVICE 

BIAS 

CURRENT 

(nA) 

OFFSET 

CURRENT 

(nA) 

OFFSET 

VOLTAGE 

(mV) 

CM 

RANGE 

(±V) 

_j_. 

om 

< s 

GBWP 

(typ) 

(MHz) 

SLEW 

RATE 

(typ) 

(V/ps) 

CMRR 

(dB) 

PSRR 

(dB) 

CURRENT 

SUPPLY 

(mA) 

SINGLE 

CA5420A 

0.001 

0.0005 

5.0 

3.7 

85 

0.5 

■ 


75 ! 

0.50 

CA5420 

0.002 

0.0010 

10.0 

3.7 

85 

0.5 



70 ! 

0.50 

CA3420 

0.005 


10.0 

1.0 

80 

0.5 

0.5 


60 

0.65 

CA3420A 

0.005 


5.0 

1.0 

86 

0.5 

0.5 


70 

0.65 

CA5130A 

0.010 


4.0 

2.5 

90 

4.0 


75 

60 

0.10 

CA51 60A 

0.010 


4.0 

2.5 

90 

4.0 


75 

60 

0.10 

ICL7650S 

0.010 


0.005 

3.5 

135 

2.0 


120 

120 

3.00 

CA5130 

0.015 


10.0 

2.5 

85 

4.0 

10.0 

70 

55 

0.10 

CA51 60 

0.015 

0.010 

10.0 

2.5 

85 

4.0 

10.0 

70 

55 

0.10 

HA-771 2A 

0.02 

0.01 

0.250 

5.0 

108 

1.0 

0.45 

90 

90 

0.200 

HA-771 3A 

0.02 

0.01 

0.25 

5.0 

108 

0.12 

0.04 

90 

90 

0.030 

HA-771 2B 

0.02 

0.01 

0.50 

5.0 

100 

1.0 

0.45 

80 

0 

0.200 

HA-771 3B 

0.02 

0.01 

0.50 

5.0 

100 

0.12 

0.04 

80 

80 

0.030 

CA3130A 

0.030 

0.020 

5.0 

10.0 

94 

15.0 

9.0 

80 

80 

15.00 

DUAL 

CA5260 

0.015 

0.01 

15.0 

11.0 

80 

3.0 

5.0 

70 

70 

2.0 

CA5260A 

0.015 

0.01 

4.0 

2.5 

83 

3.0 

5.0 

80 

75 

2.0 

CA3260A 

0.03 

0.02 

5.0 

13.0 

94 

4.0 

10.0 

80 

76 

15.5 

CA3240A 

0.04 

0.02 

5.0 

13.0 

86 

4.5 

9.0 

70 

76 

12.0 

CA3240 

0.05 

0.03 

15.0 

12.0 

86 

4.5 

9.0 

70 

76 

12.0 

CA3260 

0.05 

0.03 

15.0 

10.0 

94 

4.0 

10.0 

70 

70 

15.5 

ICL7621 

0.05 

0.03 

2.0 

12.0 

80 

1.4 

1.6 

76 

80 

2.5 

HA-5232 

10.0 

10 

0.50 

12.0 

108 

0.5 

0.15 

100 

100 

1.45 

CA1 58A 

50.0 

10.0 

2.0 

13.0 

94 

1.0 

0.5 

70 

65 

1.2 

QUAD 

CA5470 

0.01 

0.005 

22.0 

3.5 

80 

14.0 

5.0 

55 

60 

10.0 

ICL7641 

0.05 

0.03 

10.0 

4.2 

80 

1.4 

1.60 

70 

80 

2.5 

ICL7642 

0.05 

0.03 

10.0 

4.2 

80 

1.4 

1.60 

70 

80 

2.5 

HA-5234 

10.0 

10 

0.750 

12 

108 

0.5 

0.15 

100 

100 

2.90 

HA-51 34A 

25.0 

25.0 

0.1 

10.0 

123 

4.0 

0.75 

115 

110 

8.0 
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Selection Guide 


WIDEBAND: Min/Max Limits @ +25°C, Unless Otherwise Specified 


DEVICE 

GBWP 

(typ) 

(MHz) 

FPBW 

(MHz) 

SLEW 

RATE 

(typ) 

(V/ps) 

A VOL 
(dB)/ 

azol 

(V/mA)* 

MINIMUM 

STABLE 

GAIN 

OFFSET 

VOLTAGE 

(mV) 

BIAS 

CURRENT 

(nA) 

CMRR 

(dB) 

PSRR 

(dB) 

SUPPLY 

CURRENT 

(mA) 

SINGLE 

H FA-0002 

1000 

4.50 

250 

98 

10 

0.7 

700 

105 


15.0 

HA-2539 

600 

8.70 

600 

80 

10 

10.0 

20000 

60 


25.0 

HA-2839 

500 

10.0 

625 

86 

10 

2.0 

14500 

75 

75 

15 

HA-2840 

500 

10.0 

625 

86 

10 

2.0 

14500 

75 

75 

15 

HA-2850 

400 

5.4 

340 

86 

10 

2.0 

14500 

75 

75 

7.5 

HA-2540 

400 

5.50 

400 

80 

10 

10.0 

20000 

60 

60 

25.0 

H FA-0001 

350 

53.00 

1000 

43 

1 

15.0 

50000 

45 

35 

75.0 

H FA-0005 

300 

22.00 

420 

43 

1 

15.0 

50000 

45 

40 

40.0 

CA3450 

170 

6.56 

330 

60 

1 

15.0 

350 

50 

60 

35.0 

HA-2548 

150 

1.91 

120 

114 

5 

0.9 

50 

80 

86 

18.0 

HA-5190 

150 

5.00 

200 

83 

5 

5.0 

15000 

74 

70 

28.0 

HA-5195 

150 

5.00 

200 

83 

5 

5.0 

15000 

74 

70 

28.0 

HA-5147 

140 

0.45 

35 

117 

10 

0.1 

80 

100 

96 

3.5 

HA-51 47A 

120 

0.45 

35 

120 

10 

0.03 

40 

114 

100 

3.5 

HA-5004 

100 

100 

1200 

100 

1 

5.0 

5000 

58 

50 

16 

HA-5020 

100 

9.6 

600 

3500 

1 

8.0 

8000 

60 

65 

10 

HA-2620 

100 

0.40 

35 

100 


4.0 

15 

80 

80 

3.7 

HA-2622 

100 

0.32 

35 

98 


5.0 

25 

74 

74 

4.0 

HA-2625 

100 

0.32 

35 

98 


5.0 

25 

74 

74 

4.0 

HA-5101 

100 

0.10 

10 

120 

1 

3.0 

200 

80 

80 

6.0 

HA-5160 

100 

1.60 

120 

97 

10 

3.0 

0.05 

74 

74 

8.0 

HA-5162 

100 

1.10 

70 

90 

10 

15.0 

0.065 

70 

70 

8.0 

HA-5221 

100 

0.24 

25 

106 

1 

0.75 

80 

86 

86 

8.0 

HA-2842 

80 

6.0 

375 

94 

2 

HE 

10000 

85 

70 

14 

HA-2841 

50 

4.0 

250 

90 

1 

K» 

10000 

80 

70 

11 

DUAL 

HA-5222 

100.0 

0.24 

25 

106 


0.8 

80.0 

86 

86 

8.0 

HA-5102 

60.0 

0.02 

3 

100 


2.0 


86 

86 

5.0 

HA-5112 

60.0 

0.19 

20 

100 


2.0 


86 

86 

5.0 

CA3280 

9.0 

1.99 

125 

94 


3.0 

5000.0 

80 

86 

4.8 

CA3280A 

9.0 

1.99 

125 

94 


0.5 

5000.0 

94 

94 

4.8 

CA3240 

4.5 

0.14 

9 

86 


15.0 

0.05 

70 

76 

12.0 

CA3240A 

4.5 

0.14 

9 

86 


5.0 

0.04 

70 

76 

12.0 

CA3260 

4.0 

0.16 

10 

94 


15.0 

0.05 

70 

70 

15.5 

CA3260A 

4.0 

0.16 

10 

94 


5.0 

0.03 

80 

76 

15.5 

CA5260 

3.0 

0.10 

5 

80 


15.0 

0.02 

70 

70 

2.0 

CA5260A 

3.0 

0.10 

5 

83 


, 

0.02 

80 

75 

2.0 

QUAD 

HA-5104 

60.0 

0.02 

3.0 

100 

1 

2.5 

200.0 

86 

86 

6.5 

HA-5114 

60.0 

0.19 

20.0 

100 

10 

2.5 

200.0 

86 

86 

6.5 

HA-2444 

45.0 

5.1 

160 

71 

1 

7.0 

15000 

70 

65 

25 

HA-2400 

40.0 

0.20 

30.0 

94 

1 

9.0 

200.0 

80 

74 

6.0 

HA-2404 

40.0 

0.20 

30.0 

94 

1 

9.0 

200.0 

80 

74 

6.0 

HA-2405 

40.0 

0.20 

30.0 

94 

1 

9.0 

250.0 

74 

74 

6.0 

HA-2406 

30.0 

0.24 

20.0 

92 

1 

10.0 

250.0 

74 

74 

7.0 

CA5470 

14.0 

0.01 

5.0 

80 

1 

22.0 

0.01 

55 

60 

10.0 

HA-51 34A 

4.0 

0.02 

0.8 

123 

1 

0.1 

25.0 

115 

110 

8.0 


* AzOL applies to current feedback amplifiers only (HA-5004, HA-5020) 
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Selection Guide 


HIGH SLEW RATE: Min/Max Limits @ +25°C, Unless Otherwise Specified 


DEVICE 

SLEW 

RATE 

(typ) 

(V/ms) 

GBWP 

(typ) 

(MHz) 

FPBW 

(MHz) 

A VOL 
(dB)/ 

azol 

(V/mA)* 

MINIMUM 

STABLE 

GAIN 

OFFSET 

VOLTAGE 

(mV) 

BIAS 

CURRENT 

(nA) 

CMRR 

(dB) 

PSRR 

(dB) 

SUPPLY 

CURRENT 

(mA) 

SINGLE 

HA-5004 

1200 

100 


100 

1 

5.0 

5000 

58 

50 

16 

H FA-0001 

1000 

350 


43 

1 

15.0 

50000 

45 

35 

75.0 

HA-5020 

800 

100 


3500 

1 

8.0 

8000 

60 

64 

10 

HA-2839 

625 

500 

10.0 

86 

10 

2.0 

14500 

75 

75 

15 

HA-2840 

625 

500 

10.0 

86 

10 

2.0 

14500 

75 

75 

15 

HA-2539 

600 

600 

8.7 

80 

10 

10.0 

20000 

60 

60 

■ 

H FA-0005 

420 

300 

22.0 

43 

1 

15.0 

50000 

45 

40 


HA-2540 

400 

400 

5.5 

80 

10 

10.0 

20000 

60 

60 

25.0 

HA-2842 

375 

80 

6.0 

94 

2 

3.0 

10000 

85 

70 

14 

HA-2542 

350 

70 

4.7 

80 

2 

10.0 

35000 

70 

70 

35.0 

HA-2850 

340 

400 

5.4 

86 

10 

2.0 

14500 

75 

75 

7.5 

CA3450 

330 

170 

6.6 

60 

1 

15.0 

350 

50 

60 

35.0 

HA-2841 

250 

50 

4.0 

90 

1 

■ 

10000 

80 

70 

11 

HA-2541 

250 

40 

3.0 

80 

1 


25000 

70 

70 

40.0 

H FA-0002 

250 

1000 

4.5 

98 

10 


700 

105 

90 

15.0 

HA-5190 

200 

150 

5.0 

83 



15000 

74 

70 

28.0 

HA-5195 

200 

150 

5.0 

83 



15000 

74 

70 

28.0 

HA-2529 

150 

20 

2.1 

80 



200 

80 

80 

6.0 

HA-2544 

150 

50 

3.2 

71 


15.0 

15000 

75 

70 

12.0 

HA-2520 

120 

20 

1.5 

80 


8.0 

200 

80 

80 

6.0 

HA-2522 

120 

20 

1.2 

78 


10.0 

250 

74 

74 

6.0 

HA-2525 

120 

20 

1.2 

78 


10.0 

250 

74 

74 

6.0 

HA-2548 

120 

150 

1.91 

114 


0.9 

50 

80 

86 

18.0 

HA-51 60 

120 

100 

1.600 

97 

10 

3 

0.05 

74 

74 

8 

DUAL 

CA3280 

125 

9.0 

1.99 

94 

1 

3.0 

5000 

80 

86 

4.8 

CA3280A 

125 

9.0 

1.99 

94 

1 

0.5 

5000 

94 

94 

4.8 

HA-5222 

25 

100 

0.24 

106 

1 

0.75 

80 

86 

86 

8.0 

HA-5112 

20 

60 

0.19 

100 

10 

2.0 

200 

86 

86 

5.0 

CA3260 

10 

4.0 

0.16 

94 

1 

15.0 

0.05 

70 

70 

15.5 

CA3260A 

10 

4.0 

0.16 

94 

1 

5.0 

0.03 

80 

76 

15.5 

CA3240 

9.0 

4.5 

0.14 

86 

1 

15.0 

0.05 

70 

76 

12.0 

CA324tiA 

9.0 

4.5 

0.14 

86 

1 

1 

0.04 

70 

76 

12.0 

CA5260A 

5.0 

3.0 

0.10 

83 

1 


0.015 

80 

75 

2.0 

QUAD | 

HA-2444 

160 

45 

5.1 

71 

1 

7.0 

15000 

70 

65 

25 

HA-2400 

30 

40 

0.20 

94 

1 

9.0 

200 

80 

74 

6 

HA-2404 

30 

40 

0.20 

94 

1 

9.0 

200 

80 

74 

6 

HA-2405 

30 

40 

0.20 

94 

1 

9.0 

250 

74 

74 

6 

HA-2406 

20 

30 

0.24 

92 

1 

10.0 

250 

74 

74 

7 

HA-5114 

20 

60 

0.191 

100 

10 

2.5 

200 

86 

86 

6.5 

CA5470 

5.0 

14 

0.01 

80 

1 

22.0 

0.01 

55 

60 

10 


* a ZOL applies to current feedback amplifiers only (HA-5004, HA-5020) 
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Selection Guide 


LOW POWER: Min/Max Limits @ +250C, Unless Otherwise Specified 


DEVICE 

SUPPLY 

CURRENT 

(mA) 

MAX 

V+,V- 

(±V) 

SLEW 

RATE 

(typ) 

(V/ M s) 

GBWP 

(typ) 

(MHz) 

CM 

RANGE 

(±V) 

OUTPUT 

VOLTAGE 

SWING 

(±V) 

OUTPUT 

CURRENT 

(mA) 

OFFSET 

VOLTAGE 

(mV) 

BIAS 

CURRENT 

(nA) 

PSRR 

(dB) 

SINGLE 

CA3440 

0.017 

12.5 


0.063 

3.5 

3.0 

mm 

10.0 

0.050 

70 

CA3440A 

0.017 

12.5 


0.063 

3.5 

3.0 

■ss 

5.0 

0.040 

70 

CA3078A 

0.02 

18.0 

1.5 

0.002 

5.5 

5.1 

12.0 

3.5 

12.0 

70 

ICL761 1 A 

0.02 

9.0 

0.02 

0.044 

4.4 

4.9 

8.0 

2.0 

0.05 

80 

ICL7612A 

0.02 

9.0 

0.02 

0.044 

5.3 

4.9 

8.0 

2.0 

0.05 

80 

HA-771 3A 

0.03 

9 

0.04 

0.12 

5 

4.95 

10 

0.25 

0.020 

90 

HA-77 13B 

0.03 

9 

0.04 

0.12 

5 

4.95 

10 

0.500 

0.020 

80 

CA5130 

0.10 

8.0 

10.0 

4.0 

2.5 

2.5 

4.0 

10.0 

0.015 

55 

CA5130A 

0.10 

8.0 

10.0 

4.0 

2.5 

2.5 

4.0 

4.0 

0.010 

60 

CA5160 

0.10 

8.0 

10.0 

4.0 

2.5 

2.5 

4.0 

10.0 

0.015 

55 

CA5160A 

0.10 

8.0 

10.0 

4.0 

2.5 

2.5 

4.0 

4.0 

0.010 

60 

CA3078 

0.13 

7.0 

1.5 

0.002 

5.5 

5.1 

12.0 

4.5 

170.0 

70 

HA-771 2A 

0.200 

9 

0.45 

1.0 

5 

4.95 

25 

0.250 

0.02 

90 

HA-771 2B 

0.200 

9 

0.45 

1.0 

5 

4.95 

25 

0.500 

0.02 

80 

CA3094 

0.40 

12.0 

50.0 

30.0 

12.0 

14.9 

100.0 

5.0 

5000.0 

70 

CA3094A 

0.40 

18.0 

50.0 

30.0 

12.0 

14.9 

100.0 

5.0 

5000.0 

70 

CA3094B 

0.40 

22.0 

50.0 

30.0 

12.0 

14.9 

100.0 

5.0 

5000.0 

70 

DUAL 

ICL7621 A 

0.25 

9.0 

0.2 

0.5 

4.2 

4.9 


2.0 

0.05 

80 

HA-771 2A 

0.400 

9 

0.45 

1.0 

5 

4.95 


0.250 

0.02 

90 

HA-771 2B 

0.400 

9 

0.45 

1.0 

5 

4.95 


0.500 

0.02 

80 

CA1 58A 

1.2 

13.0 

0.5 

1.0 

13.0 

13.0 

20.0 

2.0 

50.0 

65 

CA258A 

1.2 

6.5 

0.5 

1.0 

13.0 

13.0 

20.0 

3.0 

80.0 

65 

CA2904 

1.2 

6.5 

0.5 

1.0 

13.0 

13.0 

20.0 

7.0 

250.0 

50 

CA258 

1.2 

6.5 

0.5 

1.0 

13.0 

13.0 

20.0 

5.0 

150.0 

65 

CA358 

1.2 

13.0 

0.5 

1.0 

13.0 

13.0 

20.0 

7.0 

250.0 

65 

CA1 58 

1.2 

16.0 

0.5 

1.0 

13.0 

13.0 

20.0 

5.0 

150.0 

65 

CA358A 

1.2 

13.0 

0.5 

1.0 

13.0 

13.0 

20.0 

3.0 

100.0 

65 

HA-5232 

1.45 

18 

0.15 

0.5 

12 

12 

20 

0.500 

10 

100 

CA124 

2.0 

16.0 

0.5 

1.0 

13.0 

26.0 

10.0 

5.0 

150.0 

65 

CA5260 

2.0 

8.0 

5.0 

3.0 

2.5 

3.0 

1.75 

15.0 

0.015 

70 

QUAD 

ICL7642 

0.02 

9.0 

0.02 

0.04 

4.2 

4.5 


10.0 

0.05 

80 

HA-5144 

0.15 

17.5 

0.8 

0.4 

10.0 

10.0 



100.0 

77 

CA224 

2.00 

16.0 

0.5 

1.0 

13.0 

13.0 

10.0 


250.0 

65 

CA324 

2.00 

16.0 

0.5 

1.0 

13.0 

13.0 

10.0 


250.0 

65 

ICL7641 

2.50 

9.0 

1.6 

-1.4 

4.2 

4.5 

8.0 

10.0 

0.05 

80 

HA-5234 

2.90 

18 

0.15 

0.5 

12 

12 

20 

0.750 

10 

100 
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August 1991 


s CA124, CA224, 

CA324, CA2902 
LM324*, LM2902* 

Quad Operational Amplifiers 
For Commercial, Industrial, and Military Applications 


Features 

• Operation from Single or Dual Supplies 


• Unity-Gain Bandwidth 1MHz(Typ.) 

• DC Voltage Gain 100dB(Typ.) 

• Input Bias Current 45nA(Typ.) 

• Input Offset Voltage 2mV (Typ.) 

• Input Offset Current 

► CA224, CA324, CA2902, 

LM324, LM2902 5nA(Typ.) 

► CA124 3nA (Typ.) 


• Replacement for Industry Types 124, 224, 324 

Applications 

• Summing Amplifiers 

• Multivibrators 

• Oscillators 


Description 

The CA124, CA224, CA324, CA2902, LM324, and LM2902 
consist of four independent, high-gain operational amplifiers 
on a single monolithic substrate. An on-chip capacitor in 
each of the amplifiers provides frequency compensation for 
unity gain. These devices are designed specially to operate 
from either single or dual supplies, and the differential voltage 
range is equal to the power-supply voltage. Low power drain 
and an input common-mode voltage range from 0 V to V+ 
-1 .5 V (single-supply operation) make these devices suitable 
for battery operation. 

The CA124, CA224, CA324, CA2902, LM324 and LM2902 
are supplied in both 14-lead dual-in-line plastic (E suffix) 
and 14-lead (150 mil) small outline (M suffix) packages. The 
CA324 is available in chip form (H suffix). 


• Transducer Amplifiers 


• DC Gain Blocks 


Pinout 



OUTPUT 4 

NEG. 
INPUT 4 

POS. 
INPUT 4 

GROUND 

POS. 
INPUT 3 

NEG. 
INPUT 3 

OUTPUT 3 



* Technical Data on LM Branded types is identical to the corresponding CA Branded types. 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 3 _-j -j 
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CA 124, CA224, CA324, CA2902, LM324, LM2902 


MAXIMUM RATINGS, Absolute-Maximum Values at T ^ = 25° C 

SUPPLY VOLTAGE 

DIFFERENTIAL INPUT VOLTAGE 

INPUT VOLTAGE 

INPUT CURRENT (V, <-0.3 V) f 

OUTPUT SHORT CIRCUIT TO GROUND 

(V + <15V)* 

DEVICE DISSIPATION: 

Up to T a = 55°C 

Above T a = 55°C 

AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 in. (1.59 ±0.79 mm) 

from case for 10 seconds max 


32 Vor ±16 V 
±32 V 
-0.3 V to +32 V 
50 mA 


Continuous 

. . 750 mW 

derate linearly at 6.67 mW/°C 

. . —55 to +125°C 

-65 to +150°C 


+265°C 


*The maximum output current is approximately 40 mA independent of the magnitude of V + . Continuous 
short circuits at V + >15 V can cause excessive power dissipation and eventual destruction. Short circuits 
from the output to V + can cause overheating and eventual destruction of the device. 

tThis input current will only exist when the voltage at any of the input leads is driven negative. This current 
is due to the collector-base junction of the input p-n-p transistors becoming forward biased and thereby 
acting as input diode clamps. In addition to this diode action, there is also lateral n-p-n parasitic transistor 
action on the 1C chip. This transistor action can cause the output voltages of the amplifiers to go to the 
V + voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. 
This transistor action is not destructive and normal output states will re-establish when the input voltage, 
which was negative, again returns to a value greater than —0.3 V dc. 


© 



Fig. 2— Schematic diagram— one of four operational amplifiers. 
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CA 124, CA224, CA324, CA2902 , LM324, LM2902 


ELECTRICAL CHARACTERISTICS (Values Apply For Each Operational Amplifier) 


CHARACTERISTIC 

TEST CONDITIONS 

CA124 

LIMITS 

UNITS 

Supply Voltage (V + ) = 5 V 
Unless Otherwise Specified 

Min. 

Typ. 

Max. 

T A - 25°C I 

Input Offset Voltage, Vjq 

Note 3 

- 

2 

5 

mV 

Output Voltage Swing, Vgpp 

R L = 2 k£2 

0 

- 

V + — 1.5 

V 

Input Common-Mode 

Voltage Range, V|qr 

Note 2, V + =30 V 

0 

- 

V + — 1.5 

V 

Input Offset Current, I|q 

i, + -ii- 

- 


30 

nA 

Input Bias Current, \\q 

1 1 + or 1 j , Note 1 

- 




Output Current (Source), Iq 

V| + =+1 V, V|“=0 V, 

V + =15 V 

20 

40 

- 

mA 

Output Current (Sink), Iq 

V, + =0 V,V,-=1 V,V + =15 V 

a 


- 

E 

V| + =0 V,V|“=1 V, 

Vq= 200 mV 

a 

50 

- 


Large-Signal Voltage Gain, A 

R l >2 kUV + =15 V 
(For large Vq swing) 

■ 

100 

- 


Common-Mode Rejection Ratio, 
CMRR 

DC 

i 

85 

- 

dB 

Power Supply Rejection Ratio, 
PSRR 

DC 

65 

100 

- 


Ampl if ier-to- Amplifier 

Coupling 

f=1 to 20 kHz (Input re- 
ferred) 

■ 


_ 

dB 

T A = —55 to +125°C 

Input Offset Voltage, Vjq 

Note 3 

- 

- 

7 

mV 

Temperature Coefficient of 

Input Offset Voltage, a V|Q 

R s = ° 

- 

7 

- 

mv/° c 

Input Offset Current, l|g 

■i + -T 

- 

- 

100 

nA 

Temperature Coefficient of 

Input Offset Current, a l|Q 


- 

10 

- 


Input Bias Current, l|g 

l| + °rl|- 

- 

- 



Total Supply Current, l + 

R [_ = 00 On All Ampl. 

- 


2 

mA 

Input Common-Mode 

Voltage Range, V | Qp 

V + = 30 V 

0 

- 

< 

+ 

1 

ro 

V 

Large-Signal Voltage Gain, A 

R L >2 kUV + =15 V 
(For large Vq swing) 

88 

_ 

- 

dB 

Output Voltage Swing: 

High-Level, Vq^ 

R l =2 kUV + =30 V 

26 

— 

_ 

V 

R l =10 kJT2 

27 

28 

- 

Low-Level, Vqj_ 

R L =10 k£2 

- 

5 

20 

mV 

Output Current: 

Source, Iq 

V| + =1 V DC ,V|-=0, 

V + =15 V 

10 

20 

- 

mA 

Sink, Iq 

V|-=1 V DC ,V| + =0, 

V + =15 V 

5 

8 

- 

mA 

Differential Input Voltage 

Note 2 

- 

- 

V+ 

V | 


NOTE 1 : Due to the p-n-p input stage the direction of the input current is out of the 1C. No loading change 
exists on the input lines because the current is essentially constant, independent of the state of the 
output. 

NOTE 2: The input signal voltage and the input common-mode voltage should not be allowed to go negative 
by more than 0.3 V. The positive limit of the common-mode voltage range is V + - 1 .5 V, but either or 
both inputs can go to +32 V without damage. 

NOTE 3: Vq = 1 .4 Vqc. Rs = 0 ^ with V+ from 5 V to 30 V; and over the full input common-mode voltage 
range (0 V to V+ - 1.5 V). 
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CA124, CA224, CA324, CA2902, LM324, LM2902 


ELECTRICAL CHARACTERISTICS (Values apply for each operational amplifier) 


CHARACTERISTIC 

TEST CONDITIONS 

CA224, CA324 
LIMITS 

UNITS 

Supply Voltage (V + ) = 5 V 
Unless Otherwise Specified 

Min. 

Typ. 

Max. 

Ta = 25°C 1 

Input Offset Voltage, Vjq 

Note 3 

- 

2 

7 

mV 

Output Voltage Swing, Vgpp 

R L = 2 k£2 

0 

- 

V + — 1.5 

V 

Input Common-Mode 

Voltage Range, V | Qp 

Note 2, V + = 30 V 

0 

- 

V+-1.5 

V 

Input Offset Current, I|q 

T-'r 

- 

5 

50 

nA 

Input Bias Current, l|g 

Ij + or l|“. Note 1 

- 

45 

250 

nA 

Output Current (Source), I q 

V, + =+1 V, V,“=0 V, 

V + =15 V 

20 

40 

- 

mA 

Output Current (Sink), Iq 

V| + =0 V,V,“=1 V,V + =15 V 

10 


- 

mA 

V| + =0 V,V,“=1 V, 

V o =200 mV 

12 


■ 

AA 

Large-Signal Voltage Gain, A 

R l >2 k£2,V + =15 V 
(For large Vq swing) 

88 

B9 

- 


Common-Mode Rejection Ratio, 
CMRR 

DC 

65 


- 

dB 

Power Supply Rejection Ratio, 
PSRR 

DC 

65 

100 

- 

dB 

Ampl if ier-to- Amplifier 

Coupling 

f = 1 to 20 kHz 
(Input referred) 

- 

-120 

- 

dB 

T a = -40 to +85°C (CA224), T A = 0 to 70°C (CA324) 

Input Offset Voltage, Vjq 

Note 3 

- 


9 

mV | 

Temperature Coefficient of 

Input Offset Voltage^VjQ 

J3 

II 

O 

- 

B 



Input Offset Current, I|q 

'i + -T 

- 


150 


Temperature Coefficient of 

Input Offset Current^l iq 


■ 


- 

pA/°C 

Input Bias Current, 1 |g 

l| + °r 1 1 - 

- 



nA 

Total Supply Current, l + 

R|_ =°° On All Ampl. 

- 


2 

mA 

Input Common-Mode 

Voltage Range, V|Qp 

V + = 30 V 

0 

- 


V 

Large-Signal Voltage Gain, A 

R L >2 kUV + =15 V 
(For large Vq swing) 

m 

- 

- 

dB 

Output Voltage Swing: 

High-Level, Vq^ 

R L = 2 k£2, V + = 30 V 


_ 

_ 

B 

R L = 10 kJT2 

m 

mm 

- 

Low-Level, Vq|_ 

R L = 10 k£2 

- 

5 

20 


Output Current: 

Source, Iq 

V| + =1 V DC ,V|-=0, 

V + =15 V 


20 

■ 

Jjjj 

Sink, Iq 

V|-=1 V DC ,V| + =0, 

V + =15 V 

5 

8 

- 

mA 

Differential Input Voltage 

Note 2 

- 

- 

V + 

V 


NOTE 1: Due to the p-n-p input stage the direction of the input current is out of the 1C. No loading change 
exists on the input lines because the current is essentially constant, independent of the state of the 
output. 

NOTE 2: The input signal voltage and the input common-mode voltage should not be allowed to go negative 
by more than 0.3 V. The positive limit of the common-mode voltage range is V+ - 1 .5 V, but either or 
both inputs can go to +32 V without damage. 

NOTE 3: Vq = 1.4 Vqq, Rg = 0 fl with V + from 5 V to 30 V; and over the full input common-mode voltage 
range (0 V to V+ - 1 .5 V). 
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CA 124, CA224, CA324, CA2902, LM324, LM2902 


ELECTRICAL CHARACTERISTICS (Values apply for each operational amplifier) 



TEST CONDITIONS 

2902 

LIMITS 


CHARACTERISTIC 

Supply Voltage (V+) = 5V 
Unless Otherwise Specified 

Min. 

Typ. 

Max. 

UNITS 

T A = -40 to +85°C (CA2902) 

Input Offset Voltage, Vjq 

Note 3 

- 

- 

10 

mV 

Temperature Coefficient of 

Input Offset Voltage, ocV|q 

R S = 0 

- 

7 

- 

jiV/°C 

Input Offset Current, I|q 

i,+-if 

- 

45 

200 

nA 

Temperature Coefficient of 

Input Offset Current, ocl|Q 


- 

10 

- 

pA/°C 

Input Bias Current, I|q 

l|+ or If, Note 1 

- 

40 

500 

nA 

Input Common-Mode 

Voltage Range, V|qr 

V+ = 26 V, Note 2 

0 

- 

V+-2 

V 

Supply Current, l + 

Rl_ = oo On All Ampl. 

- 

0.7 

1.2 

mA 


R L = oo,V+ = 26 V 

- 

1.5 

3 

Large-Signal Voltage Gain, A 

R L >2kn,V+ = 15V 
(For large Vq swing) 

83 

- 

| 

dB 

Output Voltage Swing: 






High-Level, Vqh 

R L = 2kn,V+=26V 

22 

- 


V 


Rl= 1 o kn 


mm 



Low-Level, Vql 

R L =10kfi 

- 

5 

100 

mV 

Output Current: 






Source, lo 

V| + = 1 V DC » Vf = 0, 

V+=15V 

10 

20 

- 

mA 

Sink, Iq 

Vf = 1V DC ,V|+ = 0, 

V+=15V 

5 

8 

- 

mA 

Differential Input Voltage 

Note 2 

- 

- 

v+ 

V 


NOTE 1: Due to the p-n-p input stage the direction of the input current is out of the 1C. No loading change 
exists on the input lines because the current is essentially constant, independent of the state of the 
output. 

NOTE 2: The input signal voltage and the input common-mode voltage should not be allowed to go negative 
by more than 0.3 V. The positive limit of the common-mode voltage range is V + - 1 .5 V, but either or 
both inputs can go to +32 V without damage. 

NOTE 3: Vq = 1 .4 Vqc> Rs = 0 O with V + from 5 V to 30 V; and over the full input common-mode voltage 
range (0 V to V+ - 1 .5 V). 
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CA 124, CA224, CA324, CA2902, LM324, LM2902 


TYPICAL CHARACTERISTICS CURVES 



INPUT COMMON- MODE VOLTAGEhj- 

T- 


-T- 


60 

•tf 

i 50 

H 

H 

H 40 

Z 

kJ 

DC 

§ 30 

| 20 
z 

10 

RANGE (V IC R)*OV 

ITttijsuPPLY VOLTAGE (V + 






•3 

3V 

4/5 V : 

P® 

f 





::5v”' 



'mTTT' r^TTll 










T : 


: iji ip 1 : : 






0 







-7 

’5 -50 -25 0 25 1 

50 75 100 

125 


AMBIENT TEMPERATURE (Tft) — °C 

92CS- 26486 

Fig. 3— Input current vs. ambient temperature. 



Fig. 4— Supply current drain vs. supply voltage. 




AMBIENT TEMPERATURE (T A )-*C 


Fig. 5— Large-signal frequency response. 


Fig. 6— Output current vs. ambient temperature. 



Fig. 7— Input current vs. supply voltage. 



Fig. 8— Voltage gain vs. supply voltage. 
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CA124, CA224, CA324, CA2902, LM324, LM2902 


TYPICAL CHARACTERISTICS CURVES (CONT'D) 




Fig. 9— Open-loop frequency response. 


Fig. 10— Voltage follower pulse response 



TIME id — 


92CS-242I3 



Fig. 1 1— Voltage follower pulse response. 
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CA158, CA158A,CA258, 
9 CA258A, CA358, CA358A, 

CA2904, LM358*, LM2904* 

Dual Operational Amplifiers 
For Commercial, Industrial, and Military Applications 


Features 

• Internal Frequency Compensation for Unity Gain 

• High DC Voltage Gain 100dB(Typ.) 

• Wide Bandwidth at Unity Gain 1 MHz (Typ.) 

• Wide Power Supply Range: 

► Single Supply 3 to 30V 

► Dual Supplies ±1.5 to ±15V 

• Low Supply Current 1.5 mA (Typ.) 

• Low Input Bias Current 

• Low Input Offset Voltage and Current 

• Input Common-Mode Voltage Range Includes 
Ground 

• Differential Input Voltage Range . Equal to V+ Range 

• Large Output Voltage Swing 0toV+-1.5V 


Description 

The CA158, CA158A, CA258, CA258A, CA358, CA358A 
and CA2904 types consist of two independent, high gain, 
internally frequency compensated operational amplifiers 
which are designed specifically to operate from a single 
power supply over a wide range of voltages. They may also 
be operated from split power supplies. The supply current is 
basically independent of the supply voltage over the 
recommended voltage range. 

These devices are particularly useful in interface circuits 
with digital systems and can be operated from the single 
common 5 Vdc power supply. They are also intended for 
transducer amplifiers, dc gain blocks and many other con- 
ventional op amp circuits which can benefit from the single 
power supply capability. 

The CA158, CA158A, CA258, CA258A, CA358, CA358A, 
and CA2904 types are supplied in 8-lead Small Outline 
packages (M suffix), 8-lead dual-in-line plastic packages 
(MINI-DIP, E suffix), 8-lead TO-5 style packages with 
standard leads (T suffix), and with dual-in-line formed leads 
(DIL-CAN, S suffix). The CA358 is also supplied in chip 
form (H suffix). 

The CA158, CA158A, CA258, CA258A, CA358, CA358A, 
and CA2904 types are an equivalent to or a replacement for 
the industry types 1 58, 1 58A, 258, 258A, 358, 358A, and 
CA2904. 



* Technical Data on LM Branded types is identical to the corresponding CA Branded types. 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 3-18 
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CA 158, CA 158A, CA258, CA258A, CA358 
CA358A, CA2904, LM358, LM2904 


MAXIMUM RATINGS, Absolute-Maximum Values at Ta = 25° C 

SUPPLY VOLTAGE, V+: 

CA2904 

Other Types 

DIFFERENTIAL INPUT VOLTAGE: 

All Types 

INPUT VOLTAGE 

INPUT CURRENT (V| <-0.3 V) + 

OUTPUT SHORT CIRCUIT TO GROUND 

(V + <15V)* 

DEVICE DISSIPATION: 

Up to T a - 55°C 

Above T a = 55°C 

AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (During Soldering): 

At distance 1 /1 6 ± 1 /32 in. ( 1 .59 ± 0.79 mm) 

from case for 1 0 seconds max 


26 V or ± 13 V 
32 V or ±16 V 

±32 V 
-0.3 V to V+ V 
50 mA 


Continuous 

. . . . 630 mW 

derate linearly at 6.67 mW/°C 

. . . . —55 to + 1 25°C 
. . . . —65 to + 1 50°C 


+ 300 °C 


+ This input current will only exist when the voltage at any of the input leads is driven negative. This current 
is due to the collector-base junction of the input p-n-p transistors becoming forward biased and thereby act- 
ing as input diode clamps. In addition to this diode action, there is also lateral n-p-n parasitic transistor ac- 
tion on the 1C chip. This transistor action can cause the output voltages of the amplifiers to go to the V + 
voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This 
transistor action is not destructive and normal output states will re-establish when the input voltage, which 
was negative, again returns to a value greater than —0.3 V dc. 

* The maximum output current is approximately 40 mA independent of the magnitude of V + . Continuous 
short circuits at V + >15 V can cause excessive power dissipation and eventual destruction. Short circuits 
from the output to V + can cause overheating and eventual destruction of the device. Destructive dissipa- 
tion can result from simultaneous short circuits on both amplifiers. 


3 



Fig. 3 — Schematic diagram — one of two operational amplifiers. 
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CA 158, CA 158A, CA258, CA258A, CA358 
CA358A, CA2904, LM358, LM2904 


ELECTRICAL CHARACTERISTICS (Values Apply For Each Operational Amplifier) 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

CA158A (E, T, S) 

UNITS 

Supply Voltage (V+) = 5 V 
Unless Otherwise Specified 

Min. 

Typ. 

Max. 

T A = 25°C 

Input Offset Voltage, V|o 

Note 3 

- 

1 

2 

mV 

Output Voltage Swing, VoPP 

R[_ = 2 k£2 

0 

- 

V+ -1 .5 

V 

Input Common-Mode 

Voltage Range, V|CR 

Note 2, V + = 30 V 

0 

- 

V+-1.5 

V 

Input Offset Current, l|0 

'i + -'f 

- 


10 

nA 

Input Bias Current, 1 ib 

lj + or 1 ( — , Note 1 

- 


50 

nA 

Output Current (Source), lo 

V| + = +1 V, V| “ = 0 V, 

V + = 15 V 


1 

- 

mA 

Output Current (Sink), lo 

V|+ = 0V, V|“=1 V,V+=15V 


20 

- 


V|+ = 0V, V|-=1 V, 

Vo = 200 mV 

12 

50 

- 

/iA 

Short Circuit Output Current 

R L = 0 (to Ground) Note 4 

- 

40 

60 

mA 

Large Signal Voltage Gain, Aol 

R|_>2k£2, V+ = 15 V 
(For large Vo swing) 



- 

V/mV 

Common-Mode Rejection 

Ratio, CMRR 

DC 

Q 

85 

- 

dB 

Power Supply Rejection 

Ratio, PSRR 

DC 

65 

100 

- 

dB 

Amplifier-to-Amplifier 

Coupling 

f = 1 to 20 kHz (Input referred) 

- 

-120 

- 

dB 

Ta = -55 to +125°C 

Input Offset Voltage, V|o 

Note 3 

- 

- 

4 

mV 

Temperature Coefficient of 
Input Offset Voltage, ocV|o 

R s = 0 

■ 

7 

15 

juV/°C 

Input Offset Current, l|0 

ii + -ir 

- 

- 

30 

nA 

Temperature Coefficient of 
Input Offset Current, «| |0 


- 

10 

200 


Input Bias Current, Ijb 

l| + ori r 

- 

40 

100 


Input Common-Mode 

Voltage Range, V|CR 

V + = 30 V, Note 2 

0 

- 

C\l 

1 

+ 

> 

D 

Supply Current, l + 

r l = oo On All Ampl. 

- 

0.7 

1.2 

mA 

R[ _ = oo v+ = 30V 

- 

1.5 

3 


NOTE 1: Due to the p-n-p input stage the direction of the input current is out of the 1C. No loading change exists 
on the input lines because this current is essentially constant, independent of the state of the output. 

NOTE 2: The input signal voltages and the input common-mode voltage should not be allowed to go negative by 
more than 0.3 V. The positive limit of the common-mode voltage range is V + — 1 .5 V, but either or both 
inputs can go the + 32 V without damage. 

NOTE 3: Vq = 1.4 Vdc, R s = 0 £2 with V + from 5 V to 30 V, and over the full input common-mode voltage range 
(0 V to V+-1.5 V). 

NOTE 4: The maximum output current is approximately 40 mA independent of the magnitude of V + . Continuous 
short circuits at V + >15 V can cause excessive power dissipation and eventual destruction. Short circuits 
from the output to V + can cause overheating and eventual destruction of thedevice. Destructive dissi- 
pation can result from simultaneous short circuits on both amplifiers. 
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CA 158 , CA 158A, CA258, CA258A, CA358 
CA358A, CA2904, LM358, LM2904 

ELECTRICAL CHARACTERISTICS (Values Apply for Each Operational Amplifier) 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

CA258A (E, T, S) 

UNITS 

Supply Voltage (V+) = 5 V 
Unless Otherwise Specified 

Min. 

Typ. 

Max. 

T A = 25°C 

Input Offset Voltage, V|o 

Note 3 

- 

1 

3 

mV 

Output Voltage Swing, VqpP 

R L - 2 kll 

0 

- 

V + -1.5 

V 

Input Common-Mode 

Voltage Range, V|CR 

Note 2, V + = 30 V 

0 

- 


V 

Input Offset Current, l|0 

, i + - , r 

- 

2 

15 

nA 

Input Bias Current, l|B 

lj + or l|~ , Note 1 

- 

40 

80 

nA 

Output Current (Source), lo 

V|+ = +1 V, V| “ = 0 V, 

V + = 15 V 

20 

40 

- 

mA 

Output Current (Sink), lo 

V|+ = 0V, V|-=1 V,V+=15 V 

10 

20 

- 

mA 

V| + = 0 V, V|-=1 V, 

Vo = 200 mV 

12 

50 

- 

JiA 

Short Circuit Output Current 

R l = 0 (to Ground) Note 4 

- 

40 

60 

mA 

Large Signal Voltage Gain, Aol 

R|_>2k£2, V+= 15 V 
(For large Vo swing) 

50 

100 

- 

V/mV 

Common-Mode Rejection 

Ratio, CMRR 

DC 

70 

85 

- 

dB 

Power- Supply Rejection 

Ratio, PSRR 

DC 

65 

100 

- 

dB 

Ampl if ier-to- Amplifier 

Coupling 

f = 1 to 20 kHz (Input referred) 

- 

-120 

- 

dB 

Ta = -25 to +85°C 

Input Offset Voltage, V|o 

Note 3 

- 

- 

4 

mV 

Temperature Coefficient of 
Input Offset Voltage, “Vio 

R s = 0 

- 

7 

15 

juV/°C 

Input Offset Current, l|0 

'i + -'r 

- 

- 

30 

nA 

Temperature Coefficient of 
Input Offset Current, ^l |0 


- 

10 

200 

pA/°C 

Input Bias Current, l|B 

i| + or I,- 

- 

40 

100 

nA 

Input Common-Mode 

Voltage Range, V|qr 

V + = 30 V, Note 2 

0 

- 

< 

+ 

1 

to 

V 

Supply Current, l + 

R(_ = 00 On All Ampl. 

- 

0.7 

1.2 

mA 

r l = °o V + = 30 V 

- 

1.5 

3 


NOTE 1: Due to the p-n-p input stage the direction of the input current is out of the 1C. No loading change exists 
on the input lines because this current is essentially constant, independent of the state of the output. 

NOTE 2: The input signal voltages and the input common-mode voltage should not be allowed to go negative by 
more than 0.3 V. The positive limit of the common-mode voltage range is V + - 1.5 V, but either or both 
inputs can go the + 32 V without damage. 

NOTE 3: Vq = 1.4 Vdc» R s = 0 n with V + from 5 V to 30 V, and over the full input common-mode voltage range 
(OVto V+-1.5V). 

NOTE 4: The maximum output current is approximately 40 mA independent of the magnitude of V 4 . Continuous 
short circuits at V + >15 V can cause excessive power dissipation and eventual destruction. Short circuits 
from the output to V + can cause overheating and eventual destruction of thedevice. Destructive dissi- 
pation can result from simultaneous short circuits on both amplifiers. 
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CA 158, CA 158A, CA258, CA258A, CA358 
CA358A, CA2904, LM358, LM2904 

ELECTRICAL CHARACTERISTICS (Values Apply for Each Operational Amplifier) 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

CA35RA (E. T. S) 

UNITS 

Supply Voltage (V + ) = 5 V 
Unless Otherwise Specified 

Min. 

Typ. 

Max. 

T A = 25°C 

Input Offset Voltage, V|q 

Note 3 

- 

2 

3 

mV 

Output Voltage Swing, VoPP 

R[_ = 2 k£2 

0 

- 

V+ -1.5 

V 

Input Common-Mode 

Voltage Range, V|CR 

Note 2, V + = 30 V 

0 

- 

V+ -1.5 

V 

Input Offset Current, l|0 

| i + - , r 

- 

5 

30 

nA 

Input Bias Current, 1 ib 

l| + or l| _ , Note 1 

- 

45 

100 

nA 

Output Current (Source), lo 

V| + = +1 V, V| ~ = 0 V, 

V + = 15 V 

20 

40 

- 

mA 

Output Current (Sink), lo 

V| + = 0V, V|-= 1 V, V+=15 V 

10 

20 

- 

mA 

V|+ = 0 V, V| — = 1 V, 

Vo = 200 mV 

12 

50 

- 

ma 

Short Circuit Output Current 

R|_ = 0 (to Ground) Note 4 

- 

40 

60 

mA 

Large Signal Voltage Gain, Aql 

R|_>2 k£2, V+= 15 V 
(For large Vo swing) 

25 

100 

- 

V/mV 

Common-Mode Rejection 

Ratio, CMRR 

DC 

65 

85 

- 

dB • 

Power - Supply Rejection 

Ratio, PSRR 

DC 

65 

100 

- 

dB 

Amplifier-to-Amplifier 

Coupling 

f = 1 to 20 kHz (Input referred) 

- 

-120 

- 

dB 

Ta = o to +70°C 

Input Offset Voltage, Vjo 

Note 3 

- 

- 

5 

mV 

Temperature Coefficient of 
Input Offset Voltage, aVio 

R s = 0 

- 

7 

20 


Input Offset Current, l|0 

'i + -T 

- 

- 

75 

nA 

Temperature Coefficient of 
Input Offset Current, oc||0 


- 

10 

300 

pA/°C 

Input Bias Current, l|B 

l, + orl|- 

- 

40 

200 

nA 

Input Common-Mode 

Voltage Range, V|CR 

V + = 30 V, Note 2 

0 

- 

V + — 2 

V 

Supply Current, l + 

R|_ = °° On All Ampl. 

- 

0.7 

1.2 

mA 

r l = oo V+ = 30 V 


1.5 

3 


NOTE 1: Due to the p-n-p input stage the direction of the input current is out of the 1C. No loading change exists 
on the input lines because this current is essentially constant, independent of the state of the output. 

NOTE 2: The input signal voltages and the input common-mode voltage should not be allowed to go negative by 
more than 0.3 V. The positive limit of the common-mode voltage range is V + — 1 .5 V, but either or both 
inputs can go the + 32 V without damage. 

NOTE 3: Vq = 1.4 Vqq, R s = 0 £1 with V + from 5 V to 30 V, and over the full input common-mode voltage range 
(0 V to V + — 1 .5 V). 

NOTE 4: The maximum output current is approximately 40 mA independent of the magnitude of V + . Continuous 
short circuits at V + >15 V can cause excessive power dissipation and eventual destruction. Short circuits 
from the output to V + can cause overheating and eventual destruction of thedevice. Destructive dissi- 
pation can result from simultaneous short circuits on both amplifiers. 
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CA 158 , CA 158 A, CA258, CA258A, CA358 
CA358A, CA2904, LM358, LM2904 


ELECTRICAL CHARACTERISTICS (Values Apply for Each Operational Amplifier) 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

CA158 (E, T, S) 
CA258 (E, T, S) 

UNITS 

Supply Voltage (V + ) = 5 V 
Unless Otherwise Specified 

Min. 

Typ. 

Max. 

T A = 25°C 

Input Offset Voltage, V|0 

Note 3 

- 

2 

5 1 

mV 

Output Voltage Swing, Vopp 

R|_ = 2 k£2 

0 

- 

V + -1.5 

V 

Input Common-Mode 

Voltage Range, V|CR 

Note 2, V + = 30 V 

0 

- 

V+ -1.5 

V 

Input Offset Current, l|0 

i,+ -ir 

- 

3 

30 

nA 

Input Bias Current, l|B 

l| + or 1 1 , Note 1 

- 

45 

150 

nA 

Output Current (Source), lo 

V| + = +1 V,V|“ = 0V, 

V + = 1 5 V 

20 

40 

- 

mA 

Output Current (Sink), lo 

V|+ = 0 V, V| — = 1 V, V + =15 V 

10 

20 

- 

mA 

V|+ = 0 V, V| — = 1 V, 

Vo = 200 mV 

12 

50 

- 

/iA 

Short Circuit Output Current 

R|_ = 0 (to Ground) Note 4 

- 

40 

60 

mA 

Large Signal Voltage Gain, Aol 

R[_>2k ft, V + = 15 V 
(For large Vo swing) 

50 

100 

- 

V/mV 

Common-Mode Rejection 

Ratio, CMRR 

DC 

70 

85 

- 

dB 

Power- Supply Rejection 

Ratio, PSRR 

DC 

65 

100 

- 

dB 

Amplifier-to-Amplifier 

Coupling 

f = 1 to 20 kHz (Input referred) 

- 

-120 

- 

dB 

T A = -55 to + 125°C (CA158); T A = -25 to +85°C (CA258) 

Input Offset Voltage, V|0 

Note 3 

- 

- 

7 

mV 

Temperature Coefficient of 
Input Offset Voltage,«V|o 

R s = 0 

- 

7 

- 

jiV/°C 

Input Offset Current, l|0 

i| + -T 

~ 

- 

100 

nA 

Temperature Coefficient of 
Input Offset Current, «l jo 


- 

10 

- 

pA/°C 

Input Bias Current, l|B 

lj + or I,” 

- 

40 

300 

nA 

Input Common-Mode 

Voltage Range, V|CR 

V + = 30 V, Note 2 

0 

- 

V + — 2 

V 

Supply Current, l + 

R|_ = °° On All Ampl. 

- 

0.7 

1.2 

mA 

R L = °°, V+=30 V 

- 

1.5 

3 


NOTE 1 : Due to the p-n-p input stage the direction of the input current is out of the 1C. No loading change exists 
on the input lines because this current is essentially constant, independent of the state of the output 

NOTE 2: The input signal voltages and the input common-mode voltage should not be allowed to go negative by 
more than 0.3 V. The positive limit of the common-mode voltage range is V+ -1.5 V, but either or both 
inputs can go the +32 V without damage. 

NOTE 3: Vq = 1 .4, Vqq, Rg = 0 Cl with V+ from 5 V to 30 V, and over the full input common-mode voltage range 
(0 V to V+ -1 .5 V). 

NOTE 4: The maximum output current is approximately 40 mA independent of the magnitude of V + . Continuous 
short circuits at V+ > 15V can cause excessive power dissipation and eventual destruction. Short 
circuits from the output to V + can cause overheating and eventual destruction of the device. Destructive 
dissipation can result from simultaneous short circuits on both amplifiers. 
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CA 158, CA 158A, CA258, CA258A, CA358 
CA358A, CA2904, LM358, LM2904 


ELECTRICAL CHARACTERISTICS (Values Apply for Each Operational Amplifier) 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

CA358 (E, T, S) 

UNITS 

Supply Voltage (V + ) = 5 V 
Unless Otherwise Specified 


Typ. 

Max. 

Ta = 25°C 

Input Offset Voltage, V|o 

Note 3 

- 

2 

7 

mV 

Output Voltage Swing, VoPP 

R L = 2kfi 

0 

- 

V+-1.5 

V 

Input Common-Mode 

Voltage Range, V|CR 

Note 2, V + = 30 V 

0 

- 

V+ -1.5 

V 

Input Offset Current, l|0 

'i + -T 

- 

5 

50 

nA 

Input Bias Current, l|B 

l| + or l| - , Note 1 

- 

45 


nA 

Output Current (Source), lo 

V| + = +1 V, V| “ = 0 V, 

V + = 15 V 

20 

40 

- 

Jjjj 

Output Current (Sink), lo 

V|+ = 0V, V|-=1 V,V+=15 V 

10 

20 

- 

Jjjjj 

V|+ = 0V, V|-=1 V, 

Vo = 200 mV 



- 


Short Circuit Output Current 

R L = 0 (to Ground) Note 4 

- 

ll 

60 

mA 

Large Signal Voltage Gain, Aol 

RL>2 kfi, V+= 15 V 
(For large Vo swing) 

25 

100 

- 

V/mV 

Common-Mode Rejection 

Ratio, CMRR 

DC 

65 

70 

- 

dB 

Power- Supply Rejection 

Ratio, PSRR 

DC 

B 

100 

- 

dB 

Amplifier-to-Amplifier 

Coupling 

f = 1 to 20 kHz (Input referred) 


-120 

- 

dB 

Ta = 0 to +70°C 

Input Offset Voltage, V|o 

Note 3 

- 

- 

9 

mV 

Temperature Coefficient of 
Input Offset Voltage/xVio 

R s = 0 

- 

a 

- 


Input Offset Current, 1 1 0 

■i + -T 

- 

- 

150 

nA 

Temperature Coefficient of 
Input Offset Current, a l 10 


- 

10 

- 

pA/°C 

Input Bias Current, l|B 

l, + orl|- 

- 

40 

500 

nA 

Input Common-Mode 

Voltage Range, V|CR 

V + = 30 V, Note 2 

0 

- 

V + — 2 

V 

Supply Current, l + 

R|_ = 00 On All Ampl. 

- 

0.7 

1.2 

mA 

r l = °o V + = 30 V 

- 

1.5 

3 


NOTE 1 : Due to the p-n-p input stage the direction of the input current is out of the 1C. No loading change exists 
on the input lines because this current is essentially constant, independent of the state of the output. 

NOTE 2: The input signal voltages and the input common-mode voltage should not be allowed to go negative by 
more than 0.3 V. The positive limit of the common-mode voltage range is V+ -1 .5 V, but either or both 
inputs can go the +32 V without damage. 

NOTE 3: Vq = 1 .4, Vqq, R 5 = 0 ft with V + from 5 V to 30 V, and over the full input common-mode voltage range 
(0 Vto V+ -1.5 V). 

NOTE 4: The maximum output current is approximately 40 mA independent of the magnitude of V+. Continuous 
short circuits at V+ > 15V can cause excessive power dissipation and eventual destruction. Short 
circuits from the output to V+ can cause overheating and eventual destruction of the device. Destructive 
dissipation can result from simultaneous short circuits on both amplifiers. 
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CA158, CA158A, CA258, CA258A f CA358 
CA358A, CA2904, LM358, LM2904 

ELECTRICAL CHARACTERISTICS (Values Apply for Each Operational Amplifier) 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

CA2904E 

UNITS 

Supply Voltage (V + ) = 5 V 
Unless Otherwise Specified 

Min. 

Typ. 

Max. 

T A = 25°C 

Input Offset Voltage, V o 

Note 3 

- 

2 

7 

mV 

Output Voltage Swing, VoPP 

R L = 10kO 

0 

- 

V+ -1.5 

V 

Input Common-Mode 

Voltage Range, V|CR 

Note 2, V + = 30 V 

0 

- 

V+ -1.5 

V 

Input Offset Current, l|0 

•i + -T 

- 

5 

50 

nA 

Input Bias Current, l|B 

l| + or l| — , Note 1 

- 

45 

250 

nA 

Output Current (Source), lo 

V|+ = +1 V, V| - = o V, 

V+= 15 V 

20 

40 

- 

mA 

Output Current (Sink), lo 

V|+ = 0 V, V|~= 1 V, V + =15.V 

10 

20 

- 

mA 

Short Circuit Output Current 

Rl = 0 (to Ground) Note 4 

- 

40 

60 

mA 

Large Signal Voltage Gain, Aol 

R|_>2kn,V+=15 V 
(For large Vq swing) 

- 

100 

- 

V/mV 

Common-Mode Rejection 

Ratio, CMRR 

DC 

50 

70 

- 

dB 

Power Supply Rejection 

Ratio, PSRR 

DC 

50 

100 

- 

dB 

Amplifier-to-Amplifier 

Coupling 

f = 1 to 20 kHz (Input referred) 

- 

-120 

- 

dB 

T A = -40 to +85 °C 

Input Offset Voltage, V|o 

Note 3 



10 

mV 

Temperature Coefficient of 
Input Offset Voltage^Vio 

R s = 0 

- 

7 

- 

juV/°C 

Input Offset Current, l|0 

'i + -T 

- 

45 

200 

nA 

Temperature Coefficient of 
Input Offset Current, °c| |0 


- 

10 

- 

P A/°C 

Input Bias Current, l|B 

l| + orl,- 

- 

40 

500 

nA 

Input Common-Mode 

Voltage Range, Vjcr 

V + = 30 V, Note 2 

0 

- 

V + — 2 

V 

Supply Current, l + 

R(_ = 00 On All Ampl. 

- 

0.7 

1.2 

mA 

R L = °°, V + = 30 V 

- 

1.5 

3 


NOTE 1 : Due to the p-n-p input stage the direction of the input current is out of the 1C. No loading change exists 
on the input lines because this current is essentially constant, independent of the state of the output. 

NOTE 2: The input signal voltages and the input common-mode voltage should not be allowed to go negative by 
more than 0.3 V. The positive limit of the common-mode voltage range is V+ -1 .5 V, but either or both 
inputs can go the +32 V without damage. 

NOTE 3: Vq = 1 .4, Vqq, R$ = 0 CL with V+ from 5 V to 30 V, and over the full input common-mode voltage range 
(0 V to V+ -1 .5 V). 

NOTE 4: The maximum output current is approximately 40 mA independent of the magnitude of V + . Continuous 
short circuits at V+ > 1 5 V can cause excessive power dissipation and eventual destruction. Short 
circuits from the output to V + can cause overheating and eventual destruction of the device. Destructive 
dissipation can result from simultaneous short circuits on both amplifiers. 
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SUPPLY CURRENT DRAIN (Id)— mA 1 ,NPUT V0LTA6E <Vl* 


CA 158 r CA 158 A, CA258, CA258A, CA358 
CA358A, CA2904, LM358, LM2904 








CA 158. CA 158A, CA258. CA258A, CA358 
CA358A, CA2904, LM358. LM2904 



Fig. 12 — Large-signal frequency response. 



92CS-29442 

Fig. 14 — Output source current characteristics. 



Fig. 16 — Output current as a function of 
ambient temperature. 



Fig. 13 — Input current as a function of 
supply voltage. 



OUTPUT SINK CURRENT (I 0 ) — mA 

92CS-29443 

Fig . 15 — Output sink current characteristics. 


ORDERING INFORMATION 

These packages are identified by Suffix Letters 
indicated in the chart shown below. When ordering 
these devices, it is important that the appropriate 
suffix letter be affixed to the type number of the 
device required. 


3 


PACKAGE 

SUFFIX 

LETTERS 

TYPES 

8-Lead Dual-ln-Line Plastic 

E 

CA1 58, A 

CA258, A 

CA358, A 

CA2904 

8-Lead Small Outline 

M 

8-Lead TO-5 Style with Dual-ln-Line Standard Leads 

T 

CA1 58, A 

CA258, A 

CA358, A 

8-Lead TO-5 Style with Dual-In-Line Formed Leads 

S 
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CA 158, CA 158A, CA258. CA258A, CA358 
CA358A, CA2904, LM358, LM2904 



92CS -33256 


Dimensions and pad layout for CA358H. 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated , Grid graduations are in mils (10~3 
inch). 


The photographs and dimensions represent a 
chip when it is part of the wafer. When the wafer 
is cut into chips, the cleavage angles are 57° 
instead of 90° with respect to the face of the chip. 
Therefore, the isolated chip is actually 7 mils 
(0. 1 7 mm) larger in both dimensions. 
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^ CA741C, CA741, CA1458, 

3 CA1558, LM741*, LM741C*, 

LM1458*, LM1558* 

High-Gain Single and Dual Operational Amplifiers 
for Military, Industrial and Commercial Applications 


Features 

® Input Bias Current (All Types) . 


> Input Offset Current (All Types) 200nA (Max.) 


Applications 

• Comparator 
® DC Amplifier 

• Integrator or Differentiator 

• Multivibrator 

• Narrow-Band or Band-Pass Filter 
® Summing Amplifier 


Description 

500nA (Max.) The CA1458, CA1558 (dual types); CA741C, CA741 
200nA l Ma I (single-types); high-gain operational amplifiers for use in 
' '* military, industrial, and commercial applications. 

These monolithic silicon integrated-circuit devices provide 
output short-circuit protection and latch-free operation. 
These types also feature wide common-mode and differen- 
tial-mode signal ranges and have low-offset voltage nulling 
capability when used with an appropriately valued 
potentiometer. A 10-kilohm potentiometer is used for offset 
nulling types CA741C, CA741 (See Fig. 9); and types 
CA1458, CA1558, have no specific terminals for offset 
nulling. Each type consists of a differential-input amplifier 
that effectively drives a gain and level-shifting stage having 
a complementary emitter- follower output. 

The manufacturing process make it possible to produce 1C 
operational amplifiers with low-burst ("popcorn”) noise 
characteristics. The CA741 gives limit specifications for 
burst noise in the data bulletin, File No. 530. Contact your 
Sales Representative for information pertinent to other/ 
operational amplifier types that meet low-burst noise 
specifications. 

This operational amplifier line also offers the circuit 
designer the option of operation with internal or external 
phase compensation. 

Unity gain with external phase compensation can be 
obtained with a single 30-pF capacitor. All the other types 
are internally phase-compensated. 


OFFSET VOLTAGE 
NULL 


MINIMUM 

AOL 


MAXIMUM VIO 
(mV) 


OPERATING TEMPERATURE 
RANGE (OC) 



L All types in any package style can be operated over the temperature range of -55 to +125°C, although the published limits for certain electrical 
specifications apply only over the temperature range of 0 to +70°C. 


* Technical Data on LM Branded types is identical to the corresponding CA Branded types. 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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CA741C, CA741, CA7458, CA1558, LM741, LM741C , LM1458, LM1558 


Ordering Information 

When ordering any of these types, it is important that the appropriate suffix letter for the package required be affixed to the 
type number. For example: If a CA1458 in a straight-lead TO-5 style package is desired, order CA1458T. 


TYPE NO. 

PACKAGE TYPE AND SUFFIX LETTER 

FIG. NO 

TO-5 STYLE 

PLASTIC 

CHIP 

BEAM LEAD 

8L 

1 0L 

DIL-CAN 

8L 

14L 

CA1458 

T 

- 

S 

E 

- 

H 

- 

1b, Id 

CA1 558 

T 

- 

S 

E 

- 

- 

- 

1b, Id 

CA741 C 

T 

- 

s 

E 

- 

H 

- 

la, 1c 

CA741 

T 

- 

s 

E 

- 

- 

L 

la, 1c 


Absolute Maximum Ratings Ta = +2500 


DC Supply Voltage (Between V+ and V- Terminals): 

CA741 C, CA1 458 (Note 2) 36V 

CA741 , CA1 558 (Note 2) 44V 

Differential Input Voltage ±30V 

DC Input Voltage (Note 1) ±15V 

Output Short-Circuit Duration Indefinite 

Device Dissipation: 

Up to +70°C (CA741 C) 500mW 

Up to +750C (CA741 ) 500m W 

Up to +30°C (CA1 558) 680mW 

Up to +25°C (CA1 458) 680mW 

For Temperatures Exceeding Those Indicated Above Derate Linearly 6.67mW/°C 

Voltage Between Offset Null and V- (CA741 C, CA741 ) ±0.5V 

Ambient Operating Temperature Range: 

CA741 , CA1 558 -55 to +1 25°C 

CA741 C, CA1 458 0 to +70°C (Note 3) 

Ambient Storage Temperature Range -65 to +1 50°C 

Lead Temperature (During Soldering): 

At Distance 1 /1 6 ± 1 /32 Inch (1 .59 ± 0.79mm) from Case for 1 0 Seconds Max +265°C 


NOTES: 1. If Supply Voltage is Less than ±15 Volts, the Absolute Maximum Input Voltage is Equal to the Supply Voltage. 

2. Voltage Values Apply for Each of the Dual Operational Amplifiers. 

3. All Types in any Package Style Can Be Operated Over the Temperature Range of -55 to +125°C, Although the Published Limits for Certain 
Electrical Specifications Apply Only Over the Temperature Range of 0 to +70°C 
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CA741C, CA741, CA1458, CAT558, LM741 , LM741C, LM1458 , LM1558 



NON-INV. OFFSET 
INPUT V* NULL 
NOTE PIN 4 IS CONNECTED TO 
CASE 



FIGURE la. CA741CS, CA741CT, CA741S, & CA741T WITH FIGURE 1b. CA1458S, CA1458T, CA1558S, & CA1558T AND 
INTERNAL PHASE COMPENSATION. INTERNAL PHASE COMPENSATION 




FIGURE 1c. CA741C AND CA741E WITH INTERNAL PHASE FIGURE Id. CA1458E AND CA1558E WITH INTERNAL 
COMPENSATION PHASE COMPENSATION 


FIGURE 1. FUNCTIONAL DIAGRAMS 



FIGURE 2. SCHEMATIC DIAGRAM OF OPERATIONAL AMPLIFIERS WITH INTERNAL PHASE COMPENSATION 
FOR CA741C, CA741, AND FOR EACH AMPLIFIER OF THE CA1458, AND CA1558 
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CA741C , CA741, CA1458, CA1558, LM741, LM741C, LM1458. LM1558 


ELECTRICAL CHARACTERISTICS 

Typical Values Intended Only for Design Guidance 



CHARACTERISTIC 


Input Capacitance, C| 


Offset Voltage Adjustment Range 


Output Resistance, Rq 


Output Short-Circuit Current 


Transient Response: 
Rise Time, t r 


Overshoot 


Slew Rate, Sr: 
Closed Loop 


TEST CONDITIONS 
V± = ±15V 



Unity Gain 

V| = 20mV, R L = 2kfi, 
Cl < lOOpF 


TYPICAL VALUES 
ALL TYPES 

UNITS 

1.4 

PF 

±15 

mV 

75 

Cl 

25 

mA 

0.3 

ps 

5 

% 

0.5 

V/ps 



ELECTRICAL CHARACTERISTICS 
For Equipment Design 



* Values apply for each section of the dual amplifiers. 
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CA741C, CA741, CA1458 , CA1558, LM741, LM741C, LM1458, LM1558 


ELECTRICAL CHARACTERISTICS 
For Equipment Design 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

Supply Voltage, 

V+ = 15 V, 

V“ = —15 V 

CA741 

CA1558* 


Ambient 
Temperature, T^ 

Min. 

Typ. 

Max. 

Input Offset Voltage, Vjq 

R s = < lOkft 

25 °C 

- 

1 

5 

mV 

-55 to +1 25 °C 

- 

1 

6 

Input Offset Current, Ijq 


25 °C 

- 

20 

200 

nA 

-55 °C 

- 

85 

500 

+125 °C 

- 

7 

200 

Input Bias Current, Ijg 


25 °C 

- 

80 



-55 °C 

- 



+125 °C 

- 

30 


Input Resistance, R| 



0.3 

2 

- 


Open-Loop Differential 
Voltage Gain, Aql 

R L >2kQ. 
v 0 = ± 10 V 

25 °C 

50,000 

200,000 

- 

■ 


25,000 

- 

- 

Common-Mode Input 
Voltage Range, V|gp 



±12 


■ 

D 

Common-Mode 

Rejection Ratio , CMRR 

R s <10kft 

—55 to +125 °C 


1 

■ 

g 

Supply Voltage 

Rejection Ratio, PSRR 

R s <10kH 

-55 to +125 °C 

- 

| 



Output Voltage 

Swing, Vgpp 

R L >10kft 

-55 to +1 25 °C 

±12 


- 

V 

R L >2k H 




- 

Supply Current, 1* 


25 °C 

- 

1.7 

m 

< 

E 

-55 °C 

- 

2 

3.3 

+125 °C 

- 

1.5 

2.5 

Device Dissipation, Pq 


25 °C 

- 

50 

85 

mW 

-55 °C 

- 

60 

100 

+125 °C 

- 

45 

75 


* Values apply for each section of the dual amplifiers. 




FIGURE 3. COMMON-MODE INPUT VOLTAGE RANGE vs. 
SUPPLY VOLTAGE FOR ALL TYPES. 


FIGURE 4. PEAK-TO-PEAK OUTPUT VOLTAGE vs. 
SUPPLY VOLTAGE FOR ALL TYPES 
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CA741C, CA741, CA7458, CA1558, LM741, LM741C, LM1458, LM1558 



INVERTING 



FIGURE 5. OUTPUT VOLTAGE vs. TRANSIENT RESPONSE FIGURE 6. VOLTAGE OFFSET NULL CIRCUIT FOR 

TIME FOR CA741 C AND CA741 CA741 C AND CA741 



FIGURE 7. TRANSIENT RESPONSE TEST CIRCUIT FOR ALL TYPES 


Chip Photos 

DIMENSIONS AND PAD LAYOUTS 

CA741CH CA1458H 



NOTE: Dimensions in parentheses are in millimeters and are derived from the basic inch dimensions as indicated. Grid graduations are in mils (10~ 3 inch). 
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C A3020 

CA3020A 


August 1991 


Multipurpose Wide-Band Power Amplifiers 
Military, Industrial & Commercial Equip. @ Freq. Up to 8MHz 


Features 

• High Power Output Class B Amplifier 

► CA3020 0.5W Typ. at V CC = +9V 

► CA3020A 1 .OW Typ. at V C C +1 2V 

• Wide Frequency Range Up to 8MHz With Resistive Loads 

• High Power Gain 75dB Typ. 

• Single Power Supply For Class B Operation With Transformer 

► CA3020 3V to 9V 

► CA3020A 3Vto 12V 

• Built-In Temperature-Tracking Voltage Regulator Provides Stable 
Operation Over - 55°C to +125°C Temperature Range 

Applications 

• AF Power Amplifiers For Portable and Fixed Sound and 
Communications Systems 

• Servo-Control Amplifiers 

• Wide-Band Linear Mixers 

• Video Power Amplifiers 

• Transmission-Line Driver Amplifiers (Balanced and Unbalanced) 

• Fan-In and Fan-Out Amplifiers For Computer Logic Circuits 

• Lamp-Control Amplifiers 

• Motor-Control Amplifiers 

• Power Multivibrators 

• Power Switches 

• Companion Application Note, ICAN-5766, “Application of CA3020 
and CA3020A Integrated Circuit Multipurpose Wide-Band Power 
Amplifiers” 


Pinout | Schematic Diagram 


Description 

The CA3020 and CA3020A are integrated-circuit, 
multi-stage, multipurpose, wide-band power 
amplifiers on a single monolithic silicon chip. They 
employ a highly versatile and stable direct-coupled 
circuit configuration featuring wide frequency range, 
high voltage and power gain, and high power output. 
These features plus inherent stability over a wide 
temperature range make the CA3020 and CA3020A 
extremely useful for a wide variety of applications in 
military, industrial, and commercial equipment. 

The CA3020 and CA3020A are particularly suited for 
service as class B power amplifiers. The CA3020A 
can provide a maximum power output of 1 watt from a 
12 volt dc supply with a typical power gain of 75dB. 
The CA3020 provides 0.5 watt power output from a 9 
volt supply with the same power gain. 

These types are supplied in hermetically sealed 
TO-5 style 12 lead packages. 


BUFFER AMP 

OUT (l 



BUFFER AMP 
IN 



FIGURE1. DIAGRAM FOR CA3020 AND CA3020A 

The resistance values included on the schematic diagram have been supplied as a convenience to 
assist Equipment Manufacturers in optimizing the selection of “outboard” components of 
equipment designs. The values shown may vary as much as ± 30%. 

Harris reserves the right to make any changes in the Resistance Values provided such changes do 
not adversely affect the published performance characteristics of the device. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 


3-35 


OPERATIONAL 

AMPLIFIERS 






CA3020, CA3020A 


ABSOLUTE-MAXIMUM RATINGS: 


DISSIPATION: 
At T a = 25 
Above T a = 


WITHOUT HEAT SINK | 

WITH HEAT SINK 

>C . . . . 

1 w 

At T c - 25°C 2 W 

At T c - 2S°C to T c = 55°C 2 W 

Above Tq = 55°C . . derate linearly 16.7 mW/°C 


TEMPERATURE RANGE: 


Operating -55°C to +125°C 

Storage -65°C to +150°C 


MAXIMUM VOLTAGE RATINGS at T A = 25°C 

The following chart gives the range of voltages which can be applied to the terminals 

listed vertically with respect to the terminals listed horizontally. For example, the MAXIMUM 

voltage range of the vertical terminal 1 with respect to terminal 12 is 0 to +10 volts. CURRENT RATINGS 


TERM- 

INAL 

No. 

H 

2 

3 

D 

5 



8 

D 

10 

11 

12 


BCQ9 

Kgv 

% 

mA 

1- 

=x 

OE 

fl 

■ 

■ 

■ 

■ 

■ 

■ 


fl 

k 0 

-10/-12 

+3 

Notel 

* 

+10 

0 

B 

B 

20 

2 

■ 


■ 

■ 

■ 

■ 


* 

B 

B 

B 

+2 

-2 

2 

B 

- 

3 




■ 

■ 

■ 


B 

■ 

B 

fl 

B 

3 

- 

- 

4 






■ 


fl 

B 

B 

B 

A 

+18/+25 

0 

4 

300 

- 

5 






* 

* 

* 

* 

* 

* 

+3 

Note 2 

5 

- 

300 

6 



■ 

■ 

■ 

■ 

A 

0 

-18/25 

B 

■ 

B 

B 

+3 

Note 2 

6 

- 

300 

D 

■ 







B 

■ 

B 

B 

+18/ +25 
0 

7 

300 

- 

8 









Note 3 

B 

B 

Note 3 

0 

8 

- 

- 

9 










+10 

0 

Note 1 

0 

-fl0£d2 


9 

20 

- 

10 











* 

+10 

0 


10 

1 

- 

11 












* 


11 

20 

fl 

12 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

B 

B 

fl 

fl 

REF. 

SUB- 

STRATE 


12 

fl 

B 


Note 1: This voltage is established by the maximum current 
rating. 

Note 2: The emittefs of Qg and Q 7 may be returned to a nega- 
tive voltage supply through emitter resistors. Current 
into terminal No. 9 should not be exceeded and the 
total device dissipation should not be exceeded. 

Note 3: Terminal No . 8 may be connected to terminals Nos. 9, 
11 , or 12 . 


* Voltages are not normally applied between these terminals. 
Voltages appearing between these terminals will be safe if 
the specified limits between all other terminals are not 
exceeded. 

A Higher value is for CA3020A. 
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CA3020, CA3020A 


ELECTRICAL CHARACTERISTICS AT T A = 25°C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS j 

S 

UNITS 

Cl RCUIT 
AND 

PROCEDURE 

DC 

SUPPLY 

VOLTAGE 

LIMITS 

CA3020 

LIMITS 

CA3020A 

FIG. 

V CC1 

V CC2 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 


Col lector-to-Emitter 

Breakdown Voltage, Qg & Q 7 
at 10 mA 

V (BR)CER 

2 a 



18 



25 



V 

Col lector-to-Emitter 

Breakdown Voltage, Qj 
at 0.1 mA 

V (BR)CEO 

- 



10 

- 


10 



V 

Idle Currents, Qg & Q 7 

l 4 IDLE 
l 7 IDLE 

8 

9.0 

2.0 


5.5 



5.5 


mA 

Peak Output Currents, 

Q 6 & Q7 

i 4 pk 

i 7 pk 

8 

9.0 

2.0 

140 



180 



mA 

Cutoff Currents, 

Qe& Q7 

l 4 CUTOFF 
l 7 CUTOFF 

8 

9.0 

2.0 



1.0 



1.0 

mA 

Differetial Amplifier 

Current Drain 

icci 

8 

9.0 

9.0 

6.3 

9.4 

12.5 

6.3 

9.4 

12.5 

mA 

Total Current Drain 

ICC1 + 

ICC2 

8 

9.0 

9.0 

8.0 

21.5 

35.0 

14.0 

21.5 

30.0 

mA 

Differential Amplifier 

Input Terminal Voltages 

V 2 

V3 

8 

9.0 

2.0 


1.11 



1.11 


V 

Regulator Terminal Voltage 

Vll 

8 

9.0 

2.0 

- 

2.35 



2.35 


V 

Q, Cutoff (Leakage) Currents: 

Col lector-to-Emitter 

■CEO 

- 

10.0 


_ 


100 

- 

- 

100 

^A 

Emitter-to-Base 

lEBO 


- 

- 


0.1 


- 

0.1 

Collector-to-Base 

ICBO 


- 

- 

- 

0.1 

- 

- 


Forward Current Transfer 

Ratio, Qj at 3 mA 

h FEl 

- 


■ 




30 

75 



Bandwidth at -3 dB Point 

BW 

9 

6.0 

6.0 

- 

8 



8 


MHz 

Maximum Power Output 

p O(MAX) 

10 

6.0 

6.0 

200 

300 a 

- 

200 

30 0 a 

- 

mW 

9.0 

9.0 

400 

550 a 

- 

400 

550 a 

- 

9.0 

12.0 

Hi 


- 

800 

1000 b 

- 

Sensitivity for Pquj -400 mW 

e IN 

10 

9.0 

9.0 


35 a 

55 




mV 

Sensitivity for Pout = 800 mW 

e IN 

10 

9.0 

12.0 

. 



- 

50 b 

100 

mV 

Input Resistance — 

Terminal 3 to Ground 

R IN3 

11 

6.0 

6.0 

■ 

1000 


1 

1000 


n 

Junction-to-Case 

Thermal Resistance 

0 )-C 

- 

- 

- 

■ 


60 

■ 


60 

°c/w 


a R C c = 130 Cl 
b R cc = 200 Cl 
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CA3020, CA3020A 




a. Collector-to-Emitter Breakdown Voltage 
(Qg and Qy) Circuit 


b. Typical Audio Amplifier Circuit Utilizing the CA3020 or 
CA3020A As An Audio Preamplifier and Class B Power 
Amplifier 

Fig.2 


TYPICAL PERFORMANCE DATA* 

An External Radiator is Recommended for High Ambient Temperature Operation 


CHARACTERISTICS 

SYMBOLS 

CA3020 

CA3020A 

UNITS 

Power Supply Voltage 

V CCi 

9.0 

9.0 

'V/ 

V 

v cc 2 

9.0 

12.0 

Diff. Amp 1. 

'cci 

15 

15 

D 

uulU o Iglid l OUllvltl 

Output Ampl. 

■EMI 

24 

24 

Diff. Ampl. 


16 

16.6 

mA 

IVldA 1 III U III olglldl u Ul 1 1* II l 

Output Ampl. 

■m 

125 

140 

Maximum' Power Output at THD = 10% 

Po 

550 

1000 

mW 

Sensitivity 

■JBI 

35 

45 

mV 

Power Gain 

G p 

75 

75 

dB 

Input Resistance 

mm 

55 

55 

kn 

Efficiency 

V 

45 

55 

% 

Signal-to-Noise Ratio 

S/N 


66 

dB 

THD at 150 mW level 


3.1 

3.3 

% 

Test Signal Frequency from 600H Generator 


1000 

1000 

Hz 

Equivalent Col lector-to-Col lector Load Resistance 

R CC 

130 

200 

a 


* Refer to Figs. 8 through 12 for Measurement and Symbol Information. 
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CA3020, CA3020A 




TYPICAL TRANSFER CHARACTERISTICS 



92CS-I52I2 


. T est Setup 


+ 9 V 



+ 2 V 


92CS-I5236 


. Test Setup 



I 4 "0N"«» | — I7"0N" 

DIFFERENTIAL AMPLIFIER INPUT MILLIVOLTS (V23> 92CS-I5226 

Fig. 3 b. Characteristics with R-|q shorted out 



DIFFERENTIAL AMPLIFIER INPUT MILLIVOLTS (V23) 92CS-I5225 
Fig. 4 b. Characteristics with Riq in circuit 


“MINIMUM DRIVE” TYPICAL CURRENT-VOLTAGE SATURATION CURVE 




(MAX. I 7 CURRENT 
r_ WITH PIN 2 
A7 RETURN TO GND. 
THROUGH 10 kfl) 


(MAX. I 4 CURRENT 
WITH PIN 3 
4 RETURN TO GND. 
THROUH 10 kfl) 

92CS-I52IO 


a. Test Setup 



POWER AMPLIFIER COLLECTOR VOLTS (V 4 ,V 7 ) 92CS -15228 

Fig. 5 b. Characteristic 
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CA3020, CA3020A 


ZERO SIGNAL AMPLIFIER CURRENT vs DIFFERENTIAL AMPLIFIER SUPPLY VOLTAGE 


1 cci 




DIFFERENTIAL AMPLIFIER SUPPLY VOLTS (V CC| ) 92CS-I5229 
b. Differential Amplifier Characteristics 



c. Output Amplifier Characteristics 
Fig. 6 


ZERO SIGNAL AMPLIFIER CURRENT 
vs AMBIENT TEMPERATURE 


I cci 
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CA3020, CA3020A 


STATIC CURRENT AND VOLTAGE TEST CIRCUIT 


VCC| 


-Vcc 2 



CURRENTS OR 
VOLTAGES 

SI 

S2 

! 4-IDLE 

open 

open 

! 7-IDLE 

open 

open 

1 4-PEAK 

open 

close 

! 7-PEAK 

close 

open 

'4-CUT0FF 

close 

open 

'7-CUT0FF 

open 

close 


CURRENTS OR 
VOLTAGES 

SI 

S2 

■cci 

open 

open 

'CC2 

open 

open 

V 2 

open 

open 

CO 

> 

open 

open 

V 11 

open 

open 


Fig. 8 



MEASUREMENT OF BANDWIDTH AT -3 dB POINTS 

+ VCCI +VCC2 


PROCEDURES: 


1. Apply desired value of V cc and V cc 

2. Apply 1 kHz input signal and adjust tor e TKr = 

5 mV (rms) 1W 

3. Record the resulting value of in dB 

(reference value) 

4. Vary input-signal frequency, keeping e^ constant at 
5 mV, and record frequencies above anaoelow 1 kHz 
at which e QUT decreases 3 dB below reference value. 

5. Record bandwidth as frequency range between -3 dB 
points. 


Fig. 9 

MEASUREMENTS OF ZERO-SIGNAL DC CURRENT DRAIN, MAXIMUM-SIGNAL DC CURRENT DRAIN, 
MAXIMUM POWER OUTPUT, CIRCUIT EFFICIENCY, SENSITIVITY, AND TRANSDUCER POWER GAIN 


+ VCCI 



Maximum-Signal DC Current Drain, Maximum Power 
Output, Circuit Efficiency, Sensitivity, and Transducer 
Power Gain 


1. Apply desired value of V rr , and V rr and adjust 
C IN 

tion in 


to the value at which the Total Harmonic Distor- 
the output of the amplifier = 10% 


2. Record resulting value of and 1^^ in mA as 

Maximum-Signal DC Current Drain 4 

3. Determine resulting amplifier power output in watts 
and record as Maximum Power Output (Pqut^ 

4. Calculate Circuit Efficiency ( 7 ] ) in % as follows: 


T) = 100 ■ 


OUT 


v CC n L CC 


V CC 

are* 


2 

and 


'CC Q 


PROCEDURES: 

Zero-Signal DC Current Drain 

1. Apply desired Value of V 
e IN to 0V 

2. Record resulting values of 


CC 


I r 


as Zero-Signal DC Current Drain. 

Fig.l 0 


CC 2 
and 1^ 


and reduce 


V cc 1 1 cc 1 +Vr 

where PquT * s * n watts » 

volts, and Iqq and Iqq are" in ampere's. 

5. Record value of^e^ in mV^ (rms) required in Step 1 
as Sensitivity ( e jN^ 

6. Calculate Transducer Power Gain (Gp) in dB as 

follows: 

*OUT 


where Pj^ (in mW) : 


3000 + R tt 


N (10) 
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CA3020, CA3020A 


MEASUREMENT OF INPUT RESISTANCE 

+VCCI +V C C2 



PROCEDURES: 

Input Res istance Term Inal 10 to Groun d < R m > 

1. Apply desired value of and V and sel S : 


Position 1 


V CC 0 


2. Adjust 1-kHz input for desired signal level of mea- 
surement 


3. Adjust R for e 2 = e^/2 

4. Record resulting value of R 


Input Resistance Terminal 3 to 

V CC 


1. Apply desired value of V r 
Position 2 


IN 10 
und 

and V~ 


"3 

set S in 


92CS-I4347RI 


2. Adjust 1-kHz input for desired signal level of mea- 
surement 

3. Adjust R for e 2 = e^/2 

4. Record resulting value of R as Rj N 

Fig.ll 


MEASUREMENT OF SIGNAL-TO-NOISE RATIO 
AND TOTAL HARMONIC DISTORTION 



(Rt) should be selected to provide indicated col- 
lector-to-collector Load Impedance (Rcc) 92CM-I4329RI 

PROCEDURES: 

Signa l-to-Noise Ratio 

1. Close Sj and S^; open S 2 

2. Apply desired values of and ^CC 

3. Adjust e^ for an amplifier* output o? 150mW and 

record resulting value of Eq^j^ in dB as 
(reference value) * 

4. Open Sj and record resulting value of e QUT in dB as 

e °UT 2 e ^ itm 

"l 


5. Signal-to-N ois e Ratio (S/N) = 201og 1Q ^ 


out 2 


Total Harmonic Distortion 

1. Close Sj and S 2 ; open Sg 

2. Apply desired values of V^j-, and V^^-, 

3. Adjust e^ for desired level amplifier oxrtput power 

4. Record Total Harmonic Distortion (THD) in % 

Fig. 12 
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Features 

• Low Power Consumption as Low as lOOmW Per 
Amplifier 

• Independent Biasing for Each Amplifier 

• High Forward Transconductance 

• Programmable Range of Input Characteristics 

• Low Input Bias and Input Offset Current 

• High Input and Output Impedance 

• No Effect on Device Under Output Short-Circuit 
Conditions 

• Zener Diode Bias Regulator 
Applications 

• For Low Power Conventional Operational 
Amplifier Applications 

• Active Filters 

• Comparators 

• Gyrators 

• Mixers 

° Modulators 

• Multiplexers 

• Multipliers 

• Strobing and Gating Functions 

• Sample and Hold Functions 


Description 

The CA3060 monolithic integrated circuit consists of an array of 
three independent Operational Transconductance Amplifiers* 
This type of amplifier has the generic characteristics of an 
operational voltage amplifier with the exception that the forward 
gain characteristic is best described by transconductance rather 
than voltage gain (open-loop voltage gain is the product of the 
transconductance and the load resistance, g m R L)- When 
operated into a suitable load resistor and with provisions for 
feedback, these amplifiers are well suited for a wide variety of 
operational-amplifier and related applications. In addition, the 
extremely high output impedance makes these types particularly 
well suited for service in active filter. 

The three amplifiers in the CA3060 are identical push-pull Class 
A types which can be independently biased to achieve a wide 
range of characteristics for specific application. The electrical 
characteristics of each amplifier are a function of the amplifier 
bias currents abc)- This feature offers the system designer 
maximum flexibility with regard to output current capability, 
power consumption, slew rate, input resistance, input bias 
current, and input offset current. The linear variation of the 
parameters with respect to bias and the ability to maintain a 
constant dc level between input and output of each amplifier also 
makes the CA3060 suitable for a variety of non-linear 
applications such as mixers, multipliers, and modulators. 

In addition, the CA3060 incorporates a unique Zener diode 
regulator system that permits current regulation below supply 
voltages normally associated with such systems. 

The CA3060 is supplied in a 1 6-lead dual-in-line plastic package 
(E suffix) and in chip form (H suffix). This device is operational 
from -40°C to +85°C. 



Block Diagram 


REGULATOR OUT [l_ 
REGULATOR IN IT 


INV. INPUT No.3 [4_ 
NON - INV. INPUT No.3 IT 


OUTPUT No.3 



16| OUTPUT No.1 


14 1 NON - INV. INPUT No.1 
T3| INV. INPUT No.1 


12 INV. INPUT No.2 


11 NON - INV. INPUT No.2 


9 OUTPUT No.2 


FIGURE 1 FUNCTIONAL BLOCK DIAGRAM FOR THE CA3060 


^Generic applications of the OTA are described in ICAN-6668. For improved input operating ranges, refer to CA3080 and CA3280 data bulletins (File Nos. 
475 and 1174) and application notes ICAN-6668 and ICAN-6818. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 537.1 
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CA3060 


ELECTRICAL CHARACTERISTICS at T A = 25° C, V+ = 15 V, V- = -15 V 


CHARACTERISTIC 

SYMBOL 

TYPICAL 

CHARACTER- 
ISTICS CURVE 

Fig. 

LIMITS 

UNITS 

Amplifier Bias Current 

I A bc - 1/iA 

I A bc = 10/iA 

Iabc = 100/yA 

TYP. 

TYP. 

MIN. | TYP. |MAX. 

STATIC CHARACTERISTICS | 

Input Offset Voltage 

Vio 

3 

1 

1 

— 

1 

5 

mV 

Input Offset Current 

ho 

4 

3 

30 

- 

250 

1000 

nA 

Input Bias Current 

llB 

5a, b 

33 

300 

- 

2500 

5000 

nA 

Peak Output Current 

•OM 

6a, b 

2.3 

26 

150 

240 

- 

M 

Peak Output Voltage: 

Positive 

VoM + 

7 

13.6 

13.6 

12 

13.6 



V 

Negative 

VoM~ 

14.7 

14.7 

12 

14.7 

— 

Amplifier Supply 

Current (each amplifier) 

Ia 

8a, b 

8.5 

85 

_ 

850 

1200 

M 

Power Consumption 
(each amplifier) 

P 



0.26 

2.6 

_ 

26 

36 

mW 

Input Offset-Voltage 

Sensitivity*: 

Positive 

AV| 0 /AV+ 


1.5 

2 


2 

150 

uV/V 

Negative 

AViq/AV- 

20 

20 

- 

30 

150 

Amplifier Bias Voltage* 

Vabc 

9 

0.54 

0.60 

- 

0.66 

- 

V 

DYNAMIC CHARACTERISTICS (at 1 kHz unless specified otherwise) | 

Forward Transconductance 

(large signal) 

g2i 

10a, b 

1.55 

18 

30 

102 

_ 

mmho 

Common-Mode Rejection 

Ratio 

CMRR 

_ 

110 

110 

70 

90 

_ 

dB 

Common-Mode Input 

Voltage Range 

V|CR 

- 

+12 to -12 min. 

+13 to -14 typ. 

+12 to -12 min. 

+13 to -14 typ. 

+12 to -12 min. 

+13 to -14 typ. 

V 

Slew Rate (Test ckt., 

Fig. 13) 

SR 



0.1 

i 

_ 

* 

_ 

V/ys 

Open-Loop (g 21 ) 

Bandwidth 

BW ol 

11 

20 

45 

_ 

110 

_ 

kHz 

Input Impedance 

Components: 

Resistance 

R, 

12 

1600 

170 

10 

20 


kQ 

Capacitance at 1 MHz 

c, 

- 

2.7 

2.7 

- 

2.7 

- 

PF 

Output Impedance 

Components: 

Resistance 

Ro 

14 

200 

20 


2 

_ 

MQ 

Capacitance at 1 MHz 

Co 

- 

4.5 

4.5 

- 

4.5 

__ 

PF 

| ZENER BIAS REGULATOR CHARACTERISTICS (at T A = 25° C, l 2 = 0.1 mA) | 

Voltage 

V z 

15 

Temp. Coeff. = 
3mV/°C 

MIN. 

TYP. 

MAX. 


6.2 

6.7 

7.9 

V 

Impedance 

Z z 

- 



200 

300 

n 


*Temperature-Coefficient; -2.2mV/°C (at V^gc = °- 54 > 'ABC = 1fV\); -2.1mV/°C (at V^BC = 0.060V, IabC = 10mA); -1.9mV/°C (at V^BC = 0.66V, 
'ABC = 1 00mA) 

■ Conditions for Input Offset Voltage Sensitivity: 

(a) Bias current derived from the regulator with an appropriate resistor connected from terminal No. 1 to the bias terminal on the amplifier under test 
V+ is reduced to +13 volts for V+ sensitivity 

V- is reduced to -13 volts for V- sensitivity 

(b) V+ sensitivity in pV/V = V Q ff se t - V 0 ff set for +13V and -15V supplies V- sensitivity in pV/V = V 0 ff se t - V 0 ff se t for -13V and +15V supplies 

1 Volt 1 Volt 
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MAXIMUM RATINGS, Absolute-Maximum Values at Ta = 25° C.: 

DC SUPPLY VOLTAGE (BETWEEN V+ and V- TERMINALS) 36V (±18V) 

DIFFERENTIAL INPUT VOLTAGE (EACH AMPLIFIER) ±5V 

DC INPUT VOLTAGE V-FtoV- 

INPUT SIGNAL CURRENT (EACH AMPLIFIER) ±1mA 

AMPLIFIER BIAS CURRENT (EACH AMPLIFIER) 2 mA 

Bias Regulator Input Current -5mA 

OUTPUT SHORT-CIRCUIT DURATION* No limitation 

DEVICE DISSIPATION 

Up to T A = 75° C 490mW 

Above T a ' 75° C Derate linearly 6.67 mW/° C 

TEMPERATURE RANGE 

Operating -40°C to +85°C 

Storage -65 to +150° C 

LEAD TEMPERATURE (During Soldering) 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10s max +300° C 


‘Short circuit may be applied to ground or to either supply 

ZENER BIAS REGULATOR 



A INVERTING INPUT OF AMPLIFIERS 1,2, AND 3 IS ON TERMINAL 
Nos. 13, 12 AND 4, RESPECTIVELY 
O NON-INVERTING INPUT OF AMPLIFIERS 1, 2, AND 3 IS 
TERMINAL Nos. 14, 11, AND 5, RESPECTIVELY 
* OUTPUT OF AMPLIFIERS 1. 2, AND 3 IS ON TERMINAL Nos. 16, 9, 

AND 7, RESPECTIVELY 

□ AMPLIFIER BIAS CURRENT OF AMPLIFIERS 1, 2, AND 3 IS ON 
TERMINAL Nos. 15, 10, AND 6, RESPECTIVELY 

92CS- I5860RI 

Fig. 2 — Simplified schematic diagram showing bias regulator and one operational transconductance amplifier for the CA3060. 



Fig. 3- Input offset voltage vs. amplifier bias current. 



Fig.4— Input offset current vs. amplifier bias current. 
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AMBIENT TEMPERATURE (T A )=25°C 
SUPPLY VOLTAGE: V + =6V,V"=-6V 
V 4 = 1 5 V, V“=-I5V 
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Fig. 7— Peak output voltage vs. amplifier 
bias current. 
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Fig. 5b— Input bias current vs. ambient 
temperature. 
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Fig.6b—Peak output current vs. ambient 
temperature. 



Fig.8a- Amplifier supply current (each 
amplifier) vs. amplifier bias cur- 
rent. 
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is measured between terminals 1 and 8. 


V ABC ' s measured between terminals 15 and 8. 


^.lIVYjymU , R VtiiBC 

‘2 'ABC 

Supply Voltage: for both ±6 V and ±15 V. 


TYPICAL SLEW RATE TEST CIRCUIT PARAMETERS 

'abc 

SLEW 

RATE 

■2 

r ABC 

R s 

Rf 

Rb 

Rc 

C C 

jUA 

Mips 

PA 

ohms 

PF 

100 

8 

200 

62 k 

100k 

100k 

51k 

100 

0.02 

10 

1 

200 

620k 

1 M 

1M 

510k 

Ik 

0.005 

1 

0.1 

2 

6.2M 

10M 

10M 

5.1 M 

oo 

0 


Fig. 13— Slew rate test circuit for amplifier No. 1 of CA3060. 




BIAS REGULATOR CURRENT (I 7 )uA 
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Fig. 14— Output resistance vs. amplifier bias current. 


Fig. 15— Bias regulator voltage vs. bias regulator current. 


OPERATING CONSIDERATIONS 


The CA3060 consists of three operational amplifiers similar 
in form and application to conventional operational ampli- 
fiers but sufficiently different from the standard operational 
amplifier (op-amp) to justify some explanation of their 
characteristics. The amplifiers incorporated in the CA3060 
are best described by the term Operational Transconductance 
Amplifier (OTA). The characteristics of an ideal OTA are 
similar to those of an ideal op-amp except that the OTA has 
an extremely high output impedance. Because of this 
inherent characteristic the output signal is best defined in 
terms of current which is proportional to the difference 
between the voltages of the two input terminals. Thus, the 
transfer characteristic is best described in terms of transcon- 
ductance rather than voltage gain. Other than the difference 
given above, the characteristics tabulated on pages 3 and 4 of 
this data bulletin are similar to those of any typical op-amp. 

The OTA circuitry incorporated in the CA3060 (See Fig. 16) 
provides the equipment designer with a wider variety of 


circuit arrangements than does the standard op-amp; because 
as the curves in the data bulletin indicate, the user may select 
the optimum circuit conditions for a specific application 
simply by varying the bias conditions of each amplifier. If 
low power consumption, low bias, and low offset current, or 
high input impedance are primary design requirements, then 
low current operating conditions may be selected. On the 
other hand, if operation into a moderate load impedance is 
the primary consideration, then higher levels of bias may be 
used. 

Bias Considerations for Op-Amp Applications 

The operational transconductance amplifiers allow the circuit 
designer to select and control the operating conditions of the 
circuit merely by the adjustment of the input bias current 
IabC- This enables the designer to have complete control 
over transconductance, peak output current and total power 
consumption independent of supply voltage. 
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Fig. 16— Complete schematic diagram showing bias regulator and one of the three operational transconductance amplifiers. 


In addition, the high output impedance makes these 
amplifiers ideal for applications where current summing is 
involved. 

The design of atypical operational amplifier circuit (See Fig. 
17) would proceed as follows: 


+ 6 V 



Fig. 17-20-dB amplifier using the CA3060. 

Circuit Requirements 

Closed loop voltage gain = 10 (20 dB) 

Offset voltage adjustable to zero 
Current drain as low as possible 
Supply voltage = ±6 V 
Maximum input voltage = ±50 mV 
Input resistance = 20 k£2 
Load resistance = 20 k£2 
Device: CA3060 
Calculation 

1. Required transconductance g2 1 - 

Assume that the open loop gain Aql. must be at least ten 
times the closed loop gain. Therefore, the forward 
transconductance required is given by 


S21 = a OL / r L 
= 100/18 kn 
= 5.5 mmho 

(R|_ = 20 k£2 in parallel with 200 k£2 
= 18 kf2) 

2. Selection of suitable amplifier bias current. 

The amplifier bias current is selected from the minimum 
value curve of transconductance (Fig. 10a) to assure that 
the amplifier will provide sufficient gain. For the required 
g2 1 of 5.5 mmho an amplifier bias current l/\BC 20 pA 
is suitable. 

3. Determination of Output Swing Capability. 

For a loop gain of 10 the output swing is ±0.5 V and the 
peak load current 25 pA. However, the amplifier must 
also supply the necessary current through the feedback 
resistor and for R$ = 20 k£2 than Rp = 200 k!T2 if Aql = 
10. Therefore, the feedback loading = 0.5/200 k£2 = 2.5 p A. 

The total amplifier current output requirements are, 
therefore, ±27.5 p A. Referring to the data given in Fig. 6a 
we see that for an amplifier bias current of 20 pA the 
amplifier output current is ±40 pA. This is obviously 
adequate and it is not necessary to change the amplifier 
bias current IabC- 

4. Calculation of bias resistance. 

For minimum supply current drain the amplifier bias current 
I ABC should be fed directly from the supplies and not 
from the bias regulator. The value of the resistor RabC 
may be directly calculated using Ohm's law. 
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r ABC - 


V SUP - V ABC 
’ABC 


d _ 12-0.63 
RABC" 20x10-6 


= 568.5 kfi or s 560 k£2 


5. Calculation of offset adjustment circuit. 

In order to reduce the loading effect of the offset 
adjustment circuit on the power supply, the offset control 
should be arranged to provide the necessary offset 
current. The source resistance of the non-inverting input is 
made equal to the source resistance of the inverting input. 


20 x 200 x 10 6 ohms 
220 x 10 3 


= 18 kn 


Because the maximum offset voltage is 5 mV and an 
additional increment due to the offset current (Fig. 4) 
flowing through the source resistance 

(i.e. 200 x 1 0' 9 x 1 8 x 1 0 3 volts ),theref ore, 
the Offset Voltage Range = 5 mV + 3.6 mV = ±8.6 mV 
The current necessary to provide this offset is 


8.6 x 10~ 3 
1 8 x 1 0 3 


or 0.48 juA 


With a supply voltage of ±6 V, this current can be provided 
by a 10 M£2 resistor. However, the stability of such a resistor 
is often questionable and a more realistic value of 2.2 MO 
was used in the final circuit. 

OTHER CONSIDERATIONS 


Capacitance Effects 

The CA3060 is designed to operate at such low power levels 
that high impedance circuits must be employed. In designing 
such circuits, particularly feedback amplifiers, stray circuit 
capacitance must always be considered because of its adverse 
effect on frequency response and stability. For example a 
10-k£2 load with a stray capacitance of 15 pF has a time 
constant of 1 MHz. Fig. 18 illustrates how a 10-k£2 15-pF 
load modifies the frequency characteristic. 
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Fig. 18-Effect of capacitive loading on frequency response. 


Capacitive loading also has an effect on slew rate; because the 
peak output current is established by the amplifier bias 
current, I ABC ( see Fi 9- 6a), the maximum slew rate is limited 
to the maximum rate at which the capacitance can be 
charged by the Iqm* Therefore, 

SR=dV/dt = lo M /C L 

where C[_ is the total load capacitance including strays. This 
relationship is shown graphically in Fig. 19. When measuring 
slew rate for this data bulletin, care was taken to keep the 
total capacitive loading to 13 pF. 

Phase Compensation 

In many applications phase compensation will not be 
required for the amplifiers of the CA3060. When needed, 
compensation may easily be accomplished by a simple RC 
network at the input of the amplifier as shown in Fig. 13. 
The values given in Fig. 13 provide stable operation for the 
critical unity gain condition, assuming that capacitive loading 
on the output is 13 pF or less. Input phase compensation is 
recommended in order to maintain the highest possible slew 
rate. 

In applications such as integrators, two OTAs may be 
cascaded to improve current gain. Compensation is best 
accomplished in this case with a shunt capacitor at the 
output of the first amplifier. The high gain following 
compensation assures a high slew rate. 

APPLICATIONS 

Having determined the operating points of the CA3060 
amplifiers, they can now function in the same manner as 
conventional op-amps, and thus, are well suited for most 
op-amp applications, including inverting and non-inverting 
amplifiers, integrators, differentiators, summing amplifiers 
etc. 


TRI-LEVEL COMPARATOR 

Tri-level comparator circuits are an ideal application for the 
CA3060 since it contains the requisite three amplifiers. A 
tri-level comparator has three adjustable limits. If either the 
upper or lower limit is exceeded, the appropriate output is 
activated until the input signal returns to a selected 
intermediate limit. Tri-level comparators are particularly 
suited to many industrial control applications. 



Fig. 19— Effect of load capacitance on slew rate. 
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Circuit Description 


Fig. 20 shows the block diagram of a tri-level comparator 
using the CA3060. Two of the three amplifiers are used to 
compare the input signal with the upper-limit and lower- 



92CS- 19609 


Fig. 20— Functional block diagram of a tri-level comparator. 

limit reference voltages. The third amplifier is used to 
compare the input signal with a selected value of inter- 
mediate-limit reference voltage. By appropriate selection or 
resistance ratios this intermediate-limit may be set to any 
voltage between the upper-limit and lower-limit values. The 
output of the upper-limit and lower-limit comparator sets the 
corresponding upper or lower-limit flip-flop. The activated 
flip-flop retains its state until the third comparator (inter- 
mediate-limit) in the CA3060 initiates a reset function, 
thereby indicating that the signal voltage has returned to the 
intermediate-limit selected. The flip-flops employ two 
CA3086 transistor-array IC's, with circuitry to provide 
separate "SET" and "POSITIVE OUTPUT" terminals. 


The circuit diagram of a tri-level comparator appears in Fig. 
21. Power is provided for the CA3060 via terminals 3 and 8 
by ±6-volt supplies and the built-in regulator provides 
amplifier-bias-current (IabC^ to ^e f^ ree amplifiers via 
terminal 1. Lower-limit and upper-limit reference voltages are 
selected by appropriate adjustment of potentiometers R1 
and R2, respectively. When resistors R3 and R4 are equal in 
value (as shown), the intermediate-limit reference voltage is 
automatically established at a value midway between the 
lower-limit and upper-limit values. Appropriate variation of 
resistors R3 and R4 permits selection of other values of 
intermediate-limit voltages. Input signal (Eg) is applied to the 
three comparators via terminals 5, 12, and 14. The "SET" 
output lines trigger the appropriate flip-flop whenever the 

) input signal reaches a limit value. When the input signal 
returns to an intermediate-value, the common flip-flop 
"RESET" line is energized. The loads in the circuits, shown 
in Fig. 21 are 5-V, 25-mA lamps. 

Active Filters — Using the CA3060 as a Gyrator 

The high output impedance of the OTAs makes the CA3060 
ideally suited for use as a gyrator in active filter applications. 
Fig. 22 shows two OTAs of the CA3060 connected as a 
gyrator in an active filter circuit. The OTAs in this circuit can 
make a 2-pF capacitor function as a floating 10-kilohenry 
inductor across Terminals A and B. The measured Q of 13 (at 
a frequency of 1 Hz) of this inductor compares favorably 
with a calculated Q of 16. The 20-kilohm to 2-megohm 
attenuators in this circuit extend the dynamic range of the 
OTA by a factor of 100. The 100-kilohm potentiometer, 
across V+ and V*, tunes the inductor by varying the g 2 i of 
the OTAs, thereby changing the gyration resistance. 



3 


Fig. 21 -Tri-level comparator circuit . 
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Fig.22—Two operational transconductance amplifiers of the 
CA3060 connected as a gyrator in an active filter 
circuit. 
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Fig. 23— Three-channel multiplexer. 

THREE CHANNEL MULTIPLEXER 

Fig. 23 shows a schematic of a three channel multiplexer 
using a single CA3060 and a 3N153 MOS/FET as a buffer 
and power amplifier. 


current (IabC^ terminal of each amplifier should be 
decreased to maintain 100 pA of strobe-"ON" current at 
this lower supply voltage. Second, the drain resistance for the 
MOS/FET should be decreased to maintain the same value of 
source current. The low cost dual-gate protected MOS/FET, 
RCA-40841, may be used when operating at the low supply 
voltage. 

The phase compensation network consists of a single 39012 
resistor and a 1000-pF capacitor, located at the interface of 
the CA3060 output and the MOS/FET gate. The bandwidth 
of the system is 1.5 MHz and the slew rate is 0.3 volts/psec. 
The system slew rate is directly proportional to the value of 
the phase compensation capacitor. Thus, with higher gain 
settings where lower values of phase compensation capacitors 
are possible, the slew rate is proportionally increased. 

NON LINEAR APPLICATIONS 
AM Modulator (Two-Quadrant Multiplier) 

Fig. 24 shows Amplifier No. 3 of the CA3060 used in an AM 
modulator or 2-quadrant multiplier circuit. When modulation 
is applied to the amplifier bias input, Terminal B, and the 
carrier frequency to the differential input. Terminal A, the 
waveform, shown in Fig. 24, is obtained. Fig. 24 is a result of 
adjusting the input offset control to balance the circuit so 
that no modulation can occur at the output without a carrier 
input. The linearity of the modulator is indicated by the 
solid trace of the superimposed modulating frequency. The 
maximum depth of modulation is determined by the ratio of 
the peak input modulating voltage to V.7 
The two-quadrant multiplier characteristic of this modulator 
is easily seen if modulation and carrier are reversed as shown 
in Fig. 24. The polarity of the output must follow that of the 
differential input; therefore, the output is positive only 
during, the positive half cycle of the modulation and negative 
only in the second half cycle. Note, that both the input and 
output signals are referenced to ground. The output signal is 
zero when either the differential input or I^BC are zero - 



When the CA3060 is connected as a high-input impedance 
voltage follower, and strobe “ON," each amplifier is 
activated and the output swings to the level of the input of 
that amplifier. The cascade arrangement of each CA3060 
amplifier with the MOS/FET provides an open loop voltage 
gain in excess of 100 dB, thus assuring excellent accuracy in 
the voltage follower mode with 100% feedback. 

Operation at ±6 volts is also possible with several minor 
changes. First, the resistance in series with amplifier bias 



Fig. 24- Two-quadrant multiplier circuit using the CA3060 
with associated waveforms. 
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Four-Quadrant Multiplier 

The CA3060 is also useful as a four-quadrant multiplier. A 
block diagram of such a multiplier, utilizing Amplifier Nos. 
1, 2, and 3, is shown in Fig. 25 and a typical circuit is shown 
in Fig. 26. The multiplier consists of a single CA3060 and, as 
in the two-quadrant multiplier, exhibits no level shift 
between input and output. In Fig. 25, Amplifier No. 1 is 
connected as an inverting amplifier for the X-input signal. 
The output current of Amplifier No. 1 is calculated as 
follows: 

I 0 (1) = [-V X ] [g 2 l(D] (Eq.3) 

Ampl. No. 2 is a non-inverting amplifier so that 

l 0 (2) = [+V X ] [g 2 i (2)1 (Eq.4) 

Because the amplifier output impedances are high, the load 
current is the sum of the two output currents, for an output 
voltage 

Vq = V X Rl ^921 (2) * 921 (Eq. 5) 

The transconductance is approximately proportional to the 
amplifier bias current; therefore, by varying the bias current 
the g2i is also controlled. Amplifier No. 2 bias current is 
proportional to the Y-input signal and is expressed as 
(V-) + V Y 

1 ABC(2) ~ ( Ec l- 6 > 

Hence, 

921 (2) ~k [ (V-) + V Y ]. (Eq. 7) 

Bias for Amplifier No. 1 is derived from the output of 
Amplifier No. 3 which is connected as a unity-gain inverting 
amplifier. IabC( 1)' therefore, varies inversely with V Y . 
And by the same reasoning as above 

g 2 l(1) % l< l(V-)-V Y ]. (Eq. 8) 

Combining equation 5, 7, and 8 yields: 

v 0 «v x • k • R l j[(V ) + V V ] - [(V-) ■ V y ]| or 
V 0 «2kR L V x V Y 

Fig. 26 shows the actual circuit including all the adjustments 
associated with differential input and an adjustment for 
equalizing the gains of Amplifiers No. 1 and No. 2. 
Adjustment of the circuit is quite simple. With both the X 
and Y voltages at zero, connect Terminal 10 to Terminal 8. 
This procedure disables Amplifier No. 2 and permits 
adjusting the offset voltage of Amplifier No. 1 to zero by 
means of the 100-k£2 potentiometer. Next, remove the short 
between Terminals 10 and 8 and connect Terminal 15 to 
Terminal 8. This step disables Amplifier No. 1 and permits 
Amplifier No. 2 to be zeroed with the other potentiometer. 
With AC signals on both the X and Y input, R3 and R11 are 
adjusted for symmetrical output signals. Fig. 27 shows the 
output waveform with the multiplier adjusted. The voltage 
waveform in Fig. 27a shows suppressed carrier modulation of 
1-kHz carrier with a triangular wave. 



Fig.25-Four-quadrant multiplier using the CA3060. 

Figures 27b and 27c, respectively, show the squaring of a 
triangular wave and a sine wave. Notice that in both cases the 
outputs are always positive and return to zero after each 
cycle. 




Fig.27 -Voltage waveforms of four-quadrant 
multiplier circuit 
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Features Description 


• Low Standby Power As Low As 700nW 

• Wide Supply Voltage Range ±0.75V to ±1 5V 

• High Peak Output Current 6.5mA min. 


• Adjustable Quiescent Current 

• Output Short Circuit Protection 

Applications 

• Portable Electronics 

• Medical Electronics 

• Instrumentation 

• Telemetry 

• Intrusion Alarms 


The CA3078 and CA3078A are high-gain monolithic 
operational amplifiers which- can deliver milliamperes of 
current yet only consume microwatts of standby power. 
Their operating points are externally adjustable and 
frequency compensation may be accomplished with one 
external capacitor. The CA3078 and CA3078A provide the 
designer with the opportunity to tailor the frequency 
response and improve the slew rate without sacrificing 
power. Operation with a single 1 .5 volt battery is a practical 
reality with these devices. 

The CA3078A is a premium device having a supply voltage 
range of V± = 0.75 V to V± = 15V and an operating 
temperature range of -55°C to +125°C. The CA3078 has 
the same lower supply voltage limit but the upper limit is 
V+ = +6V and V- = -6V. The operating temperature range 
is from 0°C to +70°C. 

The CA3078 and CA3078A are supplied in the 8-lead Small 
Outline package (M suffix), the standard 8-lead TO-5 
package (“T” suffix), the 8-lead dual-in-line formed-lead 
“DIL-CAN” package (“S” suffix), or the 8-lead dual-in-line 
plastic "MINI-DIP” package ("E” suffix). 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 535.1 
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MAXIMUM RATINGS, Absolute-Maximum Values at T A = 25° C 



CA3078A 

CA3078 

DC Supply Voltage (between V + and V - terminal . 

36 V 

14 V 

Differential Input Voltage 

±6 V 

±6 V 

DC Input Voltage 

V + to V 

V + to V - 

Input Signal Current 

0.1 mA 

0.1 mA 

Output Short-Circuit Duration* 

No Limitation 

No Limitation 

Device Dissipation 

150 mW (up to 125°C) 

500 mW (up to 70°C) 

Temperature Range: 



Operating 

-55 to +125°C 

0 to +70° C 

Storage 

—65 to +150°C 

—65 to +1 50 C 

Lead Temperature (During Soldering): 

At distance 1/16 ±1/32 in. (1 .59 ±0.79 mm) from 



case for 10s max 

+300°C 

+300°C 

* Short circuit may be applied to ground or to either supply. 


ELECTRICAL CHARACTERISTICS For Equipment Design 


CHARAC- 

TERISTICS 

SYMBOLS 

TEST 

CONDITIONS 

CA307$A LIMITS 

CA3078 LIMITS 

u 

N 

1 

T 

S 

R S ET = 5*1 MS7 

r$et = 1 

V + 

& 

v- 

Rs 

k n 

Rl 

ki 0 , 

T a = 25°C 

T A = —55 to 

125°C 

T a =25°C 

T A = 0to 

70°C 

MIN. 

TYP. 

MAX. 

MIN. 

MAX. 


TYP. 

£232 


MAX. 

v IO 


r 


- 

- 

0.70 

3.5 

- 

■a 

- 


m 

- 

5 

B 

*10 

- 

- 

- 

0.50 

2.5 

- 


- 

6 

IB 

- 

■ 


'IB 

- 

- 

- 

7 

12 

- 


B 



- 

IB 

m 

a 0L 

- 





90 

- 

88 

92 

- 

□ 

- 

dB 

'Q 

- 

- 

- 



- 


- 

Q| 

1 IB 

- 


ISM 

PD 

- 

- 

- 



- 


- 


ffllf 

- 



MUSM 

6 

- 




- 



B 


- 

□ 

- 

V 




<10 

- 

- 

-5.5 

to 

+5.8 

- 

-5 

to 

+5 

- 

- 

-5.5 

to 

+5.8 

- 

-5 

to 

+5 

- 

V 



- 



- 

- 

- 



- 

- 

- 

B 


- 

- 

- 

■ U 

- 



- 

m 

- 

mm 


IQ 





105 

- 


- 

El 


- 

- 

- 

juV/V 


- 



- 


- 

El 

QQ 

- 

- 

- 


i 



RgET = 1 3 Mr2, 







VlO 

1 



- 

- 



- 

4.5 

- 

- 

- 

- 

- 


a ol 

- 




H 


- 

- 

- 

- 

- 

- 

ms 


na 

- 

- 

- 

20 

30 

- 


B 

- 

- 

- 

- 


■ 



- 

- 




- 



- 

- 

- 


Bl 

B7HMI 

- 

Qj?| 

±13.7 

±14.1 

- 


- 

- 

- 

- 

- 

- 

m 


B02 

- 

80 

106 

- 

- 

- 

- 

- 

- 

- 

- 

Q 

mrmm 

- 

- 

- 

7 

D 

r 



- 

- 

- 

- 

B 

SB 

- 


- 

0.50 

D 

HUSH 


Hi 

- 

- 

- 

- 

nA 
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CA3078. CA3078A 


ELECTRICAL CHARACTERISTICS, at T A =25°C 
Typical Values Intended Only for Design Guidance 


CHARAC- 

TERISTICS 

SYMBOLS 

TYPICAL VALUES j 

UNITS 

CA3078A 

CA3078 

V + = +1.3 V, 
V“ = -1.3 V 

RSET = 2 

V+ = +0.75 V, 
V- = -0.75 V 

RSET = 10 

V + = +1.3 V, 

V- = -1.3 V 
RSET = 2 M£2 

V + = +0.75 V, 
V- = -0.75 V 
RSET=10Mft 

v IO 

0.7 

0.9 

1.3 

1.5 

mV 

'lO 

0.3 

0.054 

1.7 

0.5 


1 1 B 

3.7 

0.45 

9 

1.3 

nA 

AoL 

84 

65 

80 

60 

dB 

'q 

10 

1 

10 

1 

JUA 

Pd 

26 

1.5 

26 

1.5 

juW 

v OPP 

1.4 

0.3 

1.4 

0.3 

V 

V ICR 

—0.8 

to 

+1.1 

-0.2 

to 

+0.5 

-0.8 

to 

+1.1 

-0.2 

to 

+0.5 

V 

CMRR 

100 

90 

100 

90 

dB 

, OM ± 

12 

0.5 

12 

0.5 

mA 

AVjQ/AVi 

20 

50 

20 

50 

juV/V 


Typical Values Intended Only for Design Guidance at T A = 25° C and V+ = +6 V, V~ = — 6 V 


CHARAC- 

TERISTICS 

SYMBOLS 

TEST 

CONDITIONS 

CA3078A 

CA3078 

UNITS 

RSET = 5.1 M£2 

RSET = i 

RSET = 1 

av,q/at a 


5 

6 

6 

AV/°C 

A I|q/AT a 

R s <10kft 

6.3 

70 

70 

pA/°C 


3dB pt. 

0.3 

2 

2 

kHz 

1 

See Figs. 

20,21 

0.027 

0.04 

0.04 

V//us 

0.5 

1.5 

1.5 

- 

10% to 90% 

Rise Time 

3 

2.5 

2.5 

JUS 

r i 


7.4 

1.7 

0.87 

M n 

R o 


1 

0.8 

0.8 

k ft 

e N (10 Hz) 

R S = ° 

40 

- 

25 

nV/VRz 

iN (10Hz) 

R s =1Mfi 

0.25 

- 

1 

pA/yHz 
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CA3078, CA3078A 



92CS-I9627 

Fig. 9 — Output voltage swing vs. total 
quiescent current. 



Fig. 11 — Output and common-mode voltage 
vs. supply voltage. 



*2CS-I962MI 

Fig. 14 - Input offset current vs. temperature. 



Fig. 10 - Open-loop voltage gain vs. frequency 
for I Q = 100 jJA — CA3078. 



Fig. 12 — Open : loop voltage gain vs. frequency 
for l Q = 20 fJA- CA3078. 
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92CS-I9628RI 


Fig. 13 — Input offset voltage vs. temperature. 



92CS-I9623RI 


Fig. 15 — Input bias current vs. temperature. 


3-58 






CA3078, 



Fig. 16 — Open-loop voltage gain vs. 
temperature. 


SUPPLY voltage: V* ■ 6 V, V~ * - 6 V ! 
AMBIENT TEMPERATURE IT A )'25*C [ 
CA6078AT f 


SUPPLY CURRENT <Iq)-2C^A ' 


Fig. 18- 


Quivalent input noise voltage vs. 
frequency. 



Fig. 20 — Slew rate vs. closed-loop gain 
for l Q = 100 jiA - CA3078. 



Fig. 22 — Transient response and slew-rate, unity 
gain (inverting) test circuit. 
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EQUIVALENT INPUT NOISE CURRENT <I N >- pA/ l»T \ \ TOTAL QUIESCENT MICR0AMPERES(Iq)-CA3078AT| 


307 8 A 



Fig. 17 — Total quiescent current vs. 
temperature. 



Fig. 19 — Equivalent input noise current vs. 
frequency. 



92CS-I959I 


Fig. 21 — Slew rate vs. closed-loop gain 
for I Q = 20 gA — CA3078. 



Fig. 23 — Slew-rate, unity gain (non-inverting) 
test circuit. 
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CA3078. CA3078A 



CLOSED-LOOP NONINVERTING VOLTAGE GAIN dB 


6 191 297 40 50 60 70 80 90 



6 191 297 40 50 60 70 80 90 


CLOSED-LOOP INVERTING VOLTAGE dB 92CS-I9595 


CLOSED-LOOP INVERTING VOLTAGE dB 92CS 19590 


Fig. 24 — Phase compensation capacitance vs. 
closed-loop gain — CA3078. 


Fig. 25 — Phase compensation capacitance vs. 
closed-loop gain — CA3078A. 


Table I — Unity-gain slew rate vs. compensation — CA3078 and CA3078A 

SUPPLY VOLTS: V + = 6, V“ = -6 TRANSIENT RESPONSE: 10% OVERSHOOT FOR 

AN OUTPUT VOLTAGE OF 100 mV 


OUTPUT VOLTAGE (V 0 ) = ±5 V AMBI ENT TEMPERATURE (T A ) = 25°C 

LOAD RESISTANCE (R L ) = 10 k£2 


COMPENSATION 

UNITY GAIN (INVERTING) 

Fig. 22 

UNITY GAIN (NON-INVERTING) 
Fig. 23 

TECHNIQUE 

D 

Cl 

R2 

C2 

SLEW 

RATE 

R1 

Cl 

R2 

C2 

SLEW 

RATE 

CA3078— Iq= 100 pA 


m 

k£l 

MF 

V/ MS 


la 

k a 

mf 

V/jus 

Single Capacitor 

El 


oo 

0 

0.0085 

0 

Basil 

oo 

0 

0.0095 

Resistor & Capacitor 



OO 

0 

0.04 

PE 

WWi 

oo 

0 

0.024 

Input 

oo 

0 

0.25 

0.306 

0.67 

oo 

0 

0.311 

0.45 

0.67 

CA3078A — 1 q = 20 £JA 



Single Capacitor 

0 

300 

OO 

0 

0.0095 

0 

BPSTT 

9fl 

0 

0.003 

Resistor & Capacitor 

14 

100 

oo 

0 

0.027 

34 

125 

91 

0 

0.02 

Input 

OO 

0 

0.644 

0.156 

0.29 

OO 

0 

0.77 

0.4 

0.4 


OPERATING CONSIDERATIONS 
Compensation Techniques 

The CA3078A and CA3078 can be phase- 
compensated with one or two external 
components depending upon the closed- 
loop gain, power consumption, and speed 
desired. The recommended compensation 
is a resistor in series with a capacitor 
connected from terminal 1 to terminal 8. 
Values of the resistor and capacitor required 
for compensation as a function of closed 
loop gain are shown in Figs. 24 and 25. 
These curves represent the compensation 
necessary at quiescent currents of 1 00 juA 
and 20 juA, respectively, for a transient 
response with 10% overshoot. Figs. 20 and 
21 show the slew rates that can be obtained 
with the two different compensation tech- 


niques. Higher speeds can be achieved with 
input compensation, but this increases noise 
output. Compensation can also be accom- 
plished with a single capacitor connected 
from terminal 1 to terminal 8, with speed 
being sacrificed for simplicity. Table I gives 
an indication of slew rates that can be 
obtained with various compensation tech- 
ques at quiescent currents of 100 juA and 
20 juA. 

Single Supply Operation 

The CA3078A and CA3078 can operate 
from a single supply with a minimum total 
supply voltage of 1.5 volts. Figs. 27 and 28 
show the CA3078A or CA3078 in inverting 
the non-inverting 20-dB amplifier configu- 
rations utilizing a 1.5-volt type "AA"cell for 
a supply. The total power consumption for 
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CA3078, CA3078A 


either circuit is approximately 675 nano- configuration is 300 mV p-p with a 20 k£2 

watts. The output voltage swing in this load. 




Vdluo ol Rg required to hdve d 
null ddjustment rjnge ol • 7 5 mV 


assuming Rg "• - Rj 


92CS-208I2R2 


92CS -208I3R2 


Fig. 26 - Offset voltage null circuits. 


5.IMn 



92CS— I7555R3 

Fig. 27 — Inverting 20-dB amplifier circuit. 


5.iMn 



92CS - I7557R3 


Fig. 28 — Non inverting 20-dB amplifier circuit. 
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CA3080 

CA3080A 



Operational Transconductance 
Amplifiers (OTAs) 


Features 

• Slew Rate (Unity Gain, Compensated) 50V/ps 

• Adjustable Power Consumption . . . 10|iW to 30mW 

• Flexible Supply Voltage Range ±2Vto ±15V 

• Fully Adjustable Gain 0 to g m RL limit 

• Tight g m Spread 

► CA3080 2:1 

► CA3080A 1.6:1 

• Extended g m Linearity 3 decades 


Applications 

• Sample and Hold 


» Voltage Follower 


Description 

The CA3080 and CA3080A types are Gatable-Gain Blocks which utilize the 
unique operational-transconductance-amplifier (OTA) concept described in 
Application Note ICAN-6668, “Applications of the CA3080 and CA3080A 
High-Performance Operational Transconductance Amplifiers”. 

The CA3080 and CA3080A types have differential input and a single-ended, 
push-pull, class A output. In addition, these types have an amplifier bias input 
which may be used either for gating or for linear gain control. These types 
also have a high output impedance and their transconductance (g m ) is 
■ directly proportional to the amplifier bias current (Iabc)- 

The CA3080 and CA3080A types are notable for their excellent slew rate 
(50V/jds), which makes them especially useful for multiplex and fast unity- 
gain voltage followers. These types are especially applicable for multiplex 
applications because power is consumed only when the devices are in the 
"ON” channel state. 

The CA3080A is rated for operation over the full military-temperature range 
(-55 to +125°C) and its characteristics are specifically controlled for 
applications such as sample-hold, gain-control, multiplex, etc. Operational 
transconductance amplifiers are also useful in programmable power-switch 
applications, e.g., as described in Application Note ICAN-6048, “Some 
Applications of a Programmable Power Switch/Amplifier” (CA3094, 
CA3094A, CA3094B). 

These types are supplied in the 8 lead Small Outline package (CA3080M, 
CA3080AM), the 8 lead TO-5-style package (CA3080, CA3080A), and in the 
8 lead TO-5-style package with dual-in-line formed leads (“DIL-CAN”, 
CA3080S, CA3080AS). The CA3080 is also supplied in the 8 lead dual-in- 
line plastic (“MINI-DIP”) package (CA3080E, CA3080AE), and in chip form 
(CA3080H). 


Pinouts 

PLASTIC PACKAGE (E SUFFIX) 
SMALL OUTLINE (M SUFFIX) 
TOP VIEW 


INV. p- 
INPUT [2 


NON - INV. 
INPUT 



5l AMPLIFIER 
— 1 BIAS INPUT 


TO-5 STYLE PACKAGE 
TOP VIEW 



NON - INV. {3 
INPUT 


NOTE: Pin 4 is connected to case. 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pj|g Number 475.1 

Copyright © Harris Corporation 1991 
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CA3080, CA3080A 


ELECTRICAL CHARACTERISTICS 
For Equipment Design 




TEST CONDITIONS 





CHARACTERISTIC 


V + = 15 V, V“= -15 V 
•ABC = 500 /iA 

Ta = 25°C 
(unless indicated 

otherwise) 

CA3080, CA3080E 
CA3080M, CA3080S 
LIMITS 

UNITS 








1 



9B 

EH 

mV 


- 

- 

6 

| Input Offset Current 

'10 


- 

EOS 

■23 


Input Bias Current l| 


- 

9 


juA 

Ta = 0 to 70°C 

- 

- 

7 

Forward Transconductance 

9m 


EFTffil 



/imho 

(large signal) 

TA = 0to70°C 



- 

Peak Output Current 

I'omI 

rl = o 

EBB 


W&bW 

/uA 

Rl = o, Ta = Oto 70°C 


- 

- 

Peak Output Voltage: 

Positive 

V + OM 


12 

13.5 



Negative 

V"OM 

R l 

-12 

-14.4 

- 


Amplifier Supply Current 

'A 


0.8 

1 

1.2 

mA 

Device Dissipation 

PD 


24 

30 

36 

mW 

1 nput Offset Voltage Sensitivity: 

Positive AV|o/AV + 


_ 

_ 

150 

pV/V 

Negative AV|q/AV~ 


- 

- 

150 

Common-Mode Rejection Ratio 

CMRR 


80 

110 

- 

dB 

Common-Mode Input-Voltage 
Range 

V ICR 


12 to 

-12 

1 3.6 to 

-14.6 

- 

V 

Input Resistance 

R| 


10 

26 

- 

kH 

ELECTRICAL CHARACTERISTICS 

Typical Values Intended Only for Design Guidance 

CA3080, CA3080E 
CA3080M, CA3080S 


Input Offset Voltage 

V|0 

•abc = 5 ^ A 

0.3 

mV 

Input Offset Voltage Change 

|AV|o| 

1 ABC = 500 /nA to 
•ABC = 5pA 

0.2 

mV 

Peak Output Current 

<OM 

•ABC = 5pA 

5 

HA 

Peak Output Voltage: 

Positive 

V + OM 

1 ABC = 5^A 

13.8 

\ f 

Negative 

V~OM 

-14.5 


Magnitude of Leakage Current 

lABC = 0, VjP = o 

0.08 


lABC = 0, VjP = 36 V 

0.3 


Differential Input Current 


0.008 

nA 

Amplifier Bias Voltage 

Vabc 


0.71 

V 

Slew Rate: 

Maximum (uncompensated) 

CD 


75 


| Unity Gain (compensated) 


50 

Open-Loop Bandwidth 

EBBW 


2 


Input Capacitance 

C| 

f = 1 MHz 

3.6 


Output Capacitance 

Co 

f = 1 MHz 

5.6 

o 

Output Resistance 

Ro 


15 

J25EJ 

Input-to-Output Capacitance 

C l-0 

f = 1 MHz 

0.024 

pF 

Propagation Delay tpHL.tPLH 

lABC = 500 //A 

45 

ns 
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CA3080 , CA3080A 


ELECTRICAL CHARACTERISTICS 
For Equipment Design 



ELECTRICAL CHARACTERISTICS CA3080, CA3080AE 

Typical Values Intended Only for Design Guidance CA3080AM, CA3080AS 


Amplifier Bias Voltage 

VABC 


0.71 

V 

Slew Rate: 

Maximum (uncompensated) 


75 

V//is 

Unity Gain (compens. ted) 

on 


50 

Open-Loop Bandwidth 

BWol 

- 

2 

EQ9 

Input Capacitance 

Cl 

f = 1 MHz 

3.6 

pF 

Output Capacitance 

Co 

f = 1 MHz 

5.6 

pF 

Output Resistance 

Ro 


.15 


Input-to-Output Capacitance 

C|-0 

f = 1 MHz 

0.024 

pF 

Input Offset Voltage 
Temperature Drift 

AVio/AT 

lABC = 100 juA, 

T A = -55to+125°C 

3 

juV/°C 

Propagation Delay 

tPHL.tPLH 

Iabc =50 °aA 

45 

ns 
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CA3080, CA3080A 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY VOLTAGE (Between V + and V~ terminals) 36 V 

DIFFERENTIAL INPUT VOLTAGE ±5 V 

DC INPUT VOLTAGE V + to V~ 

INPUT SIGNAL CURRENT 1mA 

AMPLIFIER BIAS CURRENT 2 mA 

OUTPUT SHORT-CIRCUIT DURATION* Indefinite 

DEVICE DISSIPATION 125 mW 

TEMPERATURE RANGE: 

Operating 

CA3080, CA3080E, CA3080M, CA3080S 0 to + 70 °C 

CA3080A, CA3080AE, CA3080AM, CA3080AS -55 to + 125 °C 

Storage -65to + 150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1 /1 6 ± 1 /32 in. (1 .59 ± 0.79 mm) 

from case for 1 0 s max + 265 °C 


* Short circuit may be applied to ground or to either supply. 

TYPICAL CHARACTERISTICS CURVES AND TEST Cl RCUITS FOR THE CA3080 AND CA3080A 
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AMPLIFIER BIAS MICROAMPERES ( IaBC> 

Fig. 3 — Input offset voltage as a function of 
amplifier bias current. 



0.1 I 10 100 1000 

AMPLIFIER BIAS MICROAMPERES (IaBC* 


Fig. 5 — Input bias current as a function of 
amplifier bias current. 
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Fig. 4 — Input offset current as a function of 
amplifier bias current. 



Fig.6 — Peak output current as a function of 
amplifier bias current. 
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CA3080. CA3080A 


TYPICAL CHARACTERISTICS CURVES AND TEST CIRCUITS (Cont'd) 
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Fig. 9 — Total power dissipation as a function of 
amplifier bias current. 



Fig. 11 — Leakage current test circuit. 



Fig. 13 — Differential input current test circuit 



Fig.8 — Amplifier supply current as a function or 
amplifier bias current. 



Fig. 10 — Transconductance as a function of 
amplifier bias current. 




Fig. 14 — Input current as a function of 
input differential voltage. 
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INPUT AND OUTPUT CAPACITANCE (Cx,C 0 ) — pF | | INPUT RESISTANCE IRj) 


CA3080, CA3080A 


TYPICAL CHARACTERISTICS CURVES AND TEST CIRCUITS (Cont'd) 


a 

2 

I 



O.l I 10 100 1000 

AMPLIFIER BIAS MICROAMPERES (Ia8C> 



AMPLIFIER BIAS MICROAMPERES (I ABC ) 


Fig. 15 — Input resistance as a function of 
amplifier bias current. 


Fig. 16 — Amplifier bias voltage as a function of 
amplifier bias current. 


L 



0.1 I 10 100 1000 



AMPLIFIER BIAS MICROAMPERES (IaBC) 


AMPLIFIER BIAS MICROAMPERES (I A BC) 


Fig. 17 — Input and output capacitance as a 
function of amplifier bias current. 



Fig. 18 — Output resistance as a function of 
amplifier bias current. 



Fig. 19 — Input-to-output capacitance test circuit. 


Fig. 20 — Input-to-output capacitance as a 
function of supply voltage. 



APPLICATIONS 


V 4 *I5V 




Fig.21 — Schematic diagram of the CA3080 and CA3080A in a unity-gain voltage follower 
configuration and associated waveform. 
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AMPLIFIERS 




CA3080, CA3080A 



Fig.22 — 1,000,000/1 single-control function generator — 1 MHz to 1 Hz. 



(a) — Two-tone output signal from the function 
generator. A square-wave signal modulates 
the external sweeping input to produce 
1 Hz and 1 MHz, showing the 1,000,000/1 
frequency range of the function generator. 


(b) — Triple-trace of the function generator sweep- 
ing to 1 MHz. The bottom trace is the sweep- 
ing signal and the top trace is the actual gen- 
erator output. The center trace displays the 
1 MHz signal via delayed oscilloscope trigger- 
ing of the upper swept output signal. 


Fig.23 — Function generator dynamic characteristics waveforms. 



SLEW RATEIIN SAMPLE MODE)* 1.3 V/ M * 
ACQUISITION TIME**3/x* 

* TIME REQUIRED FOR OUTPUT TO SETTLE 
WITHIN ±3mV OF A 4- *0LT STEP 


Fig. 24 - Schematic diagram of the CA3080A in a sample-hold configuration. 
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CA3080, CA3080A 



Fig. 25 — Sample- and hold circuit. 



LARGE-SIGNAL RESPONSE AND 
SETTLING TIME 
TOP TRACE- - OUTPUT SIGNAL 

(5 V/DIV AND 2/*s/DIV) 

80TT0M TRACE- INPUT SIGNAL 

(5V/DIV AND 2/xs/DIV.) 

CENTER TRACE DIFFERENCE OF INPUT AND OUTPUT 
SIGNALS THROUGH TEKTRONIX 
AMPLIFIER 7AI3 
(5mV/DIV AND 2 M s/DIV) 

Fig.26 — Large-signal response and settling time 
for circuit shown in Fig. 25. 




SAMPLING RESPONSE 
TOP TRACE: SYSTEM OUTPUT 

( IOO mV/DIV AND 500 ns/DIV-) 
BOTTOM TRACE : SAMPLING SIGNAL 

( 20 V/DIV AND 500 ns/DIV.) 



TOP TRACE •• OUTPUT 

( 50 mV/DIV. AND 200ns/ DIV.) 
BOTTOM TRACE INPUT 

(50 mV/DIV AND 200 ns/DIV.) 


Fig. 27 — Sampling response for circuit 
shown in Fig. 25. 


Fig.28 — Input and output response for 
circuit shown in Fig. 25. 



Fig. 29 — Thermocouple temperature control with CA3079 zero voltage switch as 
the output amplifier. 
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CA3080, CA3080A 


+7.5 



Fig. 30 — Schematic diagram of the C A 3080 A in a sample- 
hold circuit with BiMos output amplifier. 



TOP TRACE: OUTPUT — 5V/DIV. 8 2 fis/DIV. T0P TRACE: OUTPUT 20 mV/DIV. 8 100 ns/DIV. 

CENTER TRACE: DIFFERENTIAL COMPARISON OF BOTTOM TRACE: INPUT— 200 mV/DIV. 8 100 ns/DIV. 

INPUT 8 OUTPUT— 2 mV/DIV. 8 2 /j-s/DIV 
BOTTOM TRACE: INPUT— 5 V/DIV. 8 2 /is/DIV 



Fig.31 — Large-signal response for circuit shown 
in Fig. 30. 


Fig.32 — Small-signal response for circuit shown 
in Fig. 30. 



JF 


X- 


JT 


M- 


Fig. 33 - Propagation delay test circuit and associated waveforms. 
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August 1991 


C A3 094, CA3094A 

CA3094B 

Programmable Power Switch/Amplifier 
for Control & General-Purpose Applications 


Features 

• CA3094T, S, E, M for Operation Up to 24V 

• CA3094AT, S, E, M for Operation Up to 36V 

• CA3094BT, S, M for Operation Up to 44V 

• Designed for Single or Dual Power Supply 

• Programmable: Strobing, Gating, Squelching, AGO 
Capabilities 

• Can Deliver 3 Watts (Avg.) or 10W (Peak) to External Load 
(in Switching Mode) 

• High-Power, Single-Ended Class A Amplifier Will Deliver 
Power Output of 0.6 Watt (1.6WtDevice Dissipation) 

• Total Harmonic Distortion (THD) @ 0.6W 

in Class A Operation 1 .4% (Typ.) 

Applications 

® Error-Signal Detector: Temperature Control with 
Thermistor Sensor; Speed Control for Shunt Wound DC 
Motor 

• Over-Current, Over-Voltage, Over-Temperature Protectors 
® Dual-Tracking Power Supply with CA3085 

• Wide-Frequency-Range Oscillator 

• Analog Timer 

• Level Detector 
® Alarm Systems 

® Voltage Follower 

• Ramp-Voltage Generator 

• High-Power Comparator 

• Ground-Fault Interrupter (GFI) Circuits 


Description 

The CA3094 is a differential-input power-control switch/ 
amplifier with auxiliary circuit features for ease of programmability. 
For example, an error or unbalance signal can be amplified by the 
CA3094 to provide an on-off signal or proportional-control output 
signal up to 1 00mA. This signal is sufficient to directly drive high- 
current thyristors, relays, dc loads, or power transistors. The 
CA3094 has the generic characteristics of the CA3080 operational 
amplifier directly coupled to an integral Darlington power transistor 
capable of sinking or driving currents up to 100mA. 

The gain of the differential input stage is proportional to the 
amplifier bias current (Iabc)» permitting programmable variation of 
the integrated circuit sensitivity with either digital and/or analog 
programming signals. For example, at an Iabc °f 100 mA » a one- 
millivolt change at the input will change the output from 0 to 100 
mA (typical). 

The CA3094 is intended for operation up to 24 volts and is 
especially useful for timing circuits, in automotive equipment, and 
in other applications where operation up to 24 volts is a primary 
design requirement (see Figs. 28, 29 and 30. in Applications 
Section). The CA3094A and CA3094B are like the CA3094 but are 
intended for operation up to 36 and 44 volts, respectively (single or 
dual supply). 

These types are available in 8-lead TO-5 style packages with 
standard leads (“T” suffix) and with dual-in-line formed leads 
“DIL-CAN” (“S" suffix). Type CA3094 is also available in an 8-lead 
dual-in-line plastic package “MINI-DIP" (“E" suffix), Small Outline 
Package (M suffix), and in chip form (“H” suffix). 


Pinouts 


Schematic Diagram 


PLASTIC AND SMALL OUTLINE PACKAGE 
TOP VIEW 


EXTERNAL 
FREQUENCY 
COMPENSATION 

OR INHIBIT 

INPUT [T 

DIFFERENTIAL SZ - 
VOLTAGE 

inputs^QT ■ 

GROUND (V- [T 
IN DUAL - SUPPLY 
OPERATION) 



DRIVE OUTPUT 
(EMITTER) 

pH Jabc CURRENT 
PROGRAMMABLE' 
INPUT 

(STROBE OR AGC) 


3 


NOTE: Pin 4 is Connected to Case. 


TO-5 STYLE PACKAGE 
TOP VIEW 
SINK OUTPUT 



OPERATION) 


EXTERNAL FREQUENCY 

COMPENSATION OR INHIBIT INPUT (?) <7> V+ 





OUTPUT 

MODE 

OUTPUT 

TERM 

INPUTS 

INV 

NON-INV 

“Source” 

6 

2 

3 

“Sink" 

8 

3 

2 


FIGURE 1. SCHEMATIC DIAGRAM OF CA3094 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 


File Number 598.1 
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ELECTRICAL CHARACTERISTICS at T A = 25°C For Equipment Design 



TEST CONDITIONS 

LIMITS 


CHARACTERISTIC 

Single Supply V+ = 30 V 
Dual Supply V + = 15 V, 
V-=15V 

•abc = ioo mA 

Unless Otherwise 
Specified 

Min. 

Typ. 

Max. 

UNITS 


INPUT PARAMETERS 


Input Offset Voltage 

Vio 

Input-Off set- Voltage Change 

> 

< 

o 

Input Offset Current 

Mo 

Input Bias Current 

M 

Device Dissipation 

PD 

|Common-Mode Rejection Ratio CMRR | 

Common-Mode Input- 

Voltage Range 

V ICR 

Unity Gain-Bandwidth 

Open-Loop Bandwidth 

At -3 dB Point 

bwol 

Total Harmonic Distortion 

(Class A Operation) 

THD 

Amplifier Bias Voltage 

V A BC 

(Terminal (No. 5 to Terminal No. 4) 


T A = 25°C 
T A = 0 to 70°C 



l/F Noise Current In 

f = 10 Hz 

1 ABC = 50 (lA 

Differential Input Resistance R| 

lABC = 20 MA 

Differential Input Capacitance C| 

f = 1 MHz 

V + = 30 V 
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CA3094, CA3094A, CA3094B 


ELECTRICAL CHARACTERISTICS at Ta = 25°C For Equipment Design 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

Single Supply V+ = 30 V 
Dual Supply V+ = 15 V, 
V- = 15 V 
lABC = 100 pA 
Unless Otherwise 
Specified 

Min. 



OUTPUT PARAMETERS (Differential Input Voltage = IV) 

Peak Output Voltage: 






(Terminal No. 6) 

V+ = 30 V 





With Q13 "ON” V+OM 

Rl = 2 km to ground 

26 

27 

- 

V 

With Q13 “OFF" V"OM 


- 

0.01 

0.05 

V 

Peak Output Voltage: 

V+ = +15 V, V' = -15 V 



0.5 


(Terminal No. 6) 






Positive V+OM 

RL = 2 kS2 to -15 V 

+11 

+ 12 

- 

V 

Negative V - OM 


- 

-14.99 

-14.95 

V 

Peak Output Voltage.: 






(Terminal No. 8) 

V 4 = 30 V 





With Q13 "ON" V+OM 

rl = 2 km to 30 V 

29.95 

29.99 

- 

V 

With Q13 “OFF" V~OM 


— 

0.040 

— 

V 

Peak Output Voltage: 






(Terminal No. 8) 

V+ =15 V, V- = - 15 V 





Positive V+OM 

Rl = 2 km to + 15 V 

+ 14.95 

+ 14.99 

- 

V 

Negative V — OM 


- 

14.96 

- 

V 

Collector-to-Emitter 

V+ = 30 V 





Saturation Voltage 

1C = 50 mA 


0.17 

0.80 

V 

(Terminal No. 8) VCE(sat) 

Terminal No. 6 grounded 





Output Leakage Current 






(Terminal No. 6 to 

V+ = 30 V 

- 

2 

10 

/iA 

Terminal No. 4) 






Composite Small-Signal 

V+= 30 V 





Current Transfer Ratio (Beta) 

V C E = 5 V 

16,000 

100,000 

- 


(0)2 and Q13) hf e 

Iq = 50 mA 





Output Capacitance: 

f = 1 MHz 





Terminal No. 6 

All Remaining 

- 

5.5 

- 

pF 

Terminal No. 8 

Terminals Tied to 

_ 

17 

- 

PF 


Terminal No. 4 

1 




| TRANSFER PARAMETERS 


V+ = 30 V 





Voltage Gain A 

lABC = 100 pA 

20,000 

100,000 

— 

V/V 


A^out = 20 V 

R L = 2 km 

86 

100 

- 

dB 

Forward Transconductance 






To Terminal No. 1 9m 


1650 

2200 

2750 

pmhos 

Slew Rate: 






Open Loop: 






Positive Slope 

1 ABC = 500 pA 

_ 

500 

- 

V/ps 

Negative Slope 

r l = 2 km 

- 

50 

- 

V/ps 

Unity Gain 






(Non-Inverting, 

1 ABC = 500 pA 

_ 

0.7 

_ 

V/ps 

Compensated) 

rl = 2 km 
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CA3094, CA3094A, CA3094B 


MAXIMUM RATINGS, Absolute-Maximum Values: 


CA3094 CA3094A CA3094B 


DC SUPPLY VOLTAGE: 

Dual Supply 

Single Supply 

DC DIFFERENTIAL INPUT VOLTAGE 

(Terminals 2 and 3) 

DC COMMON-MODE INPUT VOLTAGE 

PEAK INPUT SIGNAL CURRENT 

(Terminals 2 and 3) 

PEAK AMPLIFIER BIAS CURRENT 

(Terminal 5) 

OUTPUT CURRENT: 

Peak 

Average 

DEVICE DISSIPATION: 

Up to T A = 55°C: 

Without heat sink 

With heat sink 

Above Ta = 55°C- 

Without heat sink derate linearly 

With heat sink derate linearly 

THERMAL RESISTANCE 

(Junction to Air) 

AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 in. (1.59 + 0.79 mm) 
from case for 10 s max. 


± 12 V ± 18 V ± 22 V 

24 V 36 V 44 V 

±5* 

Term. 4 < Term. 2 & 3 < Term. 7 

± j 

2 

300 

100 


— 630 

— 6.67 

— 16.7 

140 

-55 to +125 
-65 to +150 


+ 300 


Exceeding this voltage rating will not damage the device unless the peak input signal current II mA) is also exceeded. 


V 

V 

V 


mA 

mA 

mA 

mA 


mW 

W 

mW/°C 

mW/°C 

OC/W 

OC 

OC 


OC 


TYPICAL CHARACTERISTICS CURVES 




Fig. 2 — Input offset voltage vs. amplifier bias 
current (I ABC' terminal No. 5). 


Fig. 3 — Input offset current vs. amplifier bias 
current (I ABC' terminal No.5). 


3-74 




CA3094, CA3094A, CA3094B 


TYPICAL CHARACTERISTICS CURVES (Cont'd) 



■ i ’ »»l 2 * »»l * *OOI l ■.OB. I i 16 8 1 Z 1681 ^ IbBI <: 10B| 

0.1 088 M A>I 10 100 1000 0.1 I 10 100 1000 

AMPLIFIER BIAS MICROAMPERES < I A BC> AMPLIFIER BIAS CURRENT (IabC> — 


Fig. 4 - Input bias current vs. amplifier bias Fig.5 - Device dissipation vs. amplifier bias 

current (I ABO terminal No.5). current (I ABO terminal No.5). 



Fig. 6 — Amplifier supply current vs. amplifier 
bias current (I ABO terminal No.5). 



Fig. 8 — l/F Noise voltage vs. frequency. 


Fig. 7 — Common mode input voltage vs. amplifier 
bias current (I ABC' terminal No.5). 



FREQUENCY (f) — Hi 


Fig. 9 — l/F Noise current vs. frequency. 



Fig. 10 - Collector-emitter saturation voltage Fig. 1 1 - Composite dc beta vs. collector current: 

vs. collector current of output tran - of Darlington-connected output tran- 
sistor Q 13. sistors (Qj 2, Q 13 A 
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Fig. 12 — Open-loop voltage gain vs. frequency. 



Fig. 14 — Slew rate vs amplifier bias current. 
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Fig. 13 — Forward transconductance vs 
amplifier bias current. 



CLOSED-LOOP VOLTAGE GAIN (A C1 _)— dB 

Fig. 15 — Slew rate vs closed-loop voltage gain. 



Fig. 16 — Phase compensation capacitance and 
resistance vs closed-loop voltage gain. 


OPERATING CONSIDERATIONS 

The "Sink" Output (terminal No. 8) and the 
"Drive" Output (terminal No. 6) of the 
CA3094 are not inherently current (or power) 
limited. Therefore, if a load is connected 
between terminal No.6 and terminal No.4 
(V~ or ground), it is important to connect a 
current-limiting resistor between terminal 
8 and terminal No.7 (V + ) to protect tran- 
sistor Q-J 3 under shorted load conditions. 
Similarly, if a load is connected between 
terminal No. 8 and terminal No.7, the current- 
limiting resistor should be connected be- 
tween terminal No.6 and terminal No.4 or 
ground. In circuit applications where the 
emitter of the output transistor is not con- 
nected to the most negative potential in 
the system, it is recommended that a 100- 
ohm current-limiting resistor be inserted be- 
tween terminal No.7 and the V + supply. 


TEST CIRCUITS 
l/F Noise Measurement Circuit 
When using the CA3094, A, or B audio amp- 
lifier circuits, it is frequently necessary to 
consider the noise performance of the de- 
vice. Noise measurements are made in the 
circuit shown in Fig. 21. This circuit is a 
30-dB, non-inverting amplifier with emitter- 
follower output and phase compensation 
from terminal No. 2 to ground. Source re- 
sistors (Rs) are set to 0.£2 or 1 M£2 for 
E noise and I noise measurements, respec- 
tively. These measurements are made at 
frequencies of 10, Hz, 100 Hz, and 1 kHz 
with a 1-Hz measurement bandwidth. Typi- 
cal values for 1/f noise at 10 Hz and 50 juA 
<ABC are E n = 18nV//pj2 and *N = 1.8 

pA/yptz- v 


3-76 






CA3094, CA3094A, CA3094B 




Fig. 17 — Input offset voltage and power-supply 
rejection test circuit. 


p OISSIPATION* ,v * 1< I> E 
OFFSET CURRENT I 0S « 

'° 6 Tmp? 


Fig. 18 - Input offset current test circuit. 


+ 30V 



Fig. 19 — Input bias current test circuit. 



Fig.21 — I /F noise test circuit. 



Fig. 23 — Open-loop slew rate vs I ABC test circuit. 
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TEST CIRCUITS (Cont'd) 

120 VAC 


4- 15V 




C, «0.5mP 

D| = IN9I4 

R| * 0.51 Mtt*3 MIN. 
R2* 5-1 Mft*30 MIN. 
R 3 * 22 Mil = 2 HRS. 
R 4 * 44 = 4 HRS. 

R5* 15 K ft 
R 6 = 50 Kft 
R 7 * 5.1 Kli 
Rg* 1.5 KJI 





TIME* I HR. 

S 2 SET TO R4 


POTENTIOMETER REQUIRED FOR INITIAL TIME SET 
TO PERMIT DEVICE INTERCONNECTING TIME VARIATION 
WITH TEMPERATURE < 0.3%/°C- 


Fig. 26 — Presettable analog timer. 


TYPICAL APPLICATIONS 
For Additional Application Information, re- 
fer to Application Note I CAN-6048 "'Some 
Applications of a Programmable Power/ 
Switch Amplifier 1C". 

Design Considerations 

The selection of the optimum amplifier bias 
current OABC) depends on — 

1. The Desired Sensitivity — the higher the 
IabC» the higher the sensitivity — i.e., a 
greater-drive current capability at the out- 
put for a specific voltage change at 
the input. 


2. Required Input Resistance — the lower 
the I ABC. the higher the input resistance. 
If the desired sensitivity and requred input 
resistance are not known and are to be ex- 
perimentally determined, or the anticipated 
equipment design is sufficiently flexible to 
tolerate a wide range of these parameters, it 
is recommended that the equipment designer 
begin his calculations with an I ABC of 100 
/iA, since the CA3094 is Characterized at 
this value of amplifier bias current. 

The CA3094 is extremely versatile and can 
be used in a wide variety of applications. 



WHERE — = f ( DEPENDS ON THE 
ElN Z| 

CHARACTERISTICS OF Z| AND Z 2 
(0). 


IN A NON-INVERTING MODE 
AS A FOLLOWER 



*IN SINGLE- ENDED OUTPUT OPERATION, THE CA3094 
MAY REQUIRE A PULL UP OR PULL DOWN RESISTOR 

tb) 


Fig.27 — Application of the CA3094: (a) as an inverting op-amp, and 
(b) in a non-inverting mode, as a follower. 


V* *18 v S| 



Problem: To calculate the maximum value of R 
required to switch a 100-mA output current 
comparator 

° iVen: lABC = 5jUA.R A BC=3.6Mn=lS^- 

1 1 = 500 n A @ I abC = 100 jUA (from Fig.4) 

1 1 = 5 jJLA can be determined by drawing a line on 
Fig.4 through I ABC = 100/ttA and Ib = 500 nA 
parallel to the typical Ta = 25°C curve. 

Then: l| = 33 nA @ IabC = 5 A*A 

Rmax = 18 33nA Qlt ~ " = 180 MS? @ Ta= 25°C 
R max = 180 x 2/3* = 120 M£2@ 

T A = — 55°C 

* Ratio of 1 1 at T A = +25°C to 1 1 at T A = -55°C 
for any given value of IaBC- 


Fig. 28 — RC timer. 
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TYPICAL APPLICATIONS (Cant'd) 



On a negative-going transient at input (A), a 
negative pulse at C will turn "on" the CA3094, 
and the output (E) will go from a low to a high 
level. 


At the end of the time constant determined by Ci , 
Rl. R 2 . R 3 , the CA3094 will return to the "off" 
state and the output will be pulled low by 
RLOAD- This condition will be independent of 
the interval when input A ieturns to a high level. 


Fig. 29 — RC timer triggered by external negative pulse. 



LINE | 

TIME CONSTANT I 
PULSE WIDTH 1 


E I DUPONT DE NEMOURS 



H"LTLTL 


Fig. 30 — Free-running pulse generator. 


Fig.31 — Current or voltage-controlled oscillator. 




Fig.32 — Single-supply astable multivibrator. Fig. 33 — Dual-supply astab/e multivibrator. 
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TYPICAL APPLICATIONS (Cont'd) 




Fig.34 — Comparators (threshold detectors) — dual - 
and single-supply types. 





3 C2*AC BY-PASS 6 WITH NO INPUT SIGNAL TERM- 

4 OFFSET AOJ INCLUDEO IN R TRI p INAL 8 (OUTPUT) AT + 36 VOLTS 



VOLTAGE BETWEEN 
TERMINALS 2 8 4 

VOLTAGE BETWEEN 

TERMINALS 3 a 4 
(ADJUSTABLE WITH 
R TRIP> 


Fig.37 — Ground fault interrupter (GFI) and 
Fig. 36 - Dual-voltage tracking regulator. waveform pertinent to ground fault 

detector. 
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TYPICAL PERFORMANCE DATA 
For 12-W Audio Amplifier Circuit 


Power Output (8f2 load. Tone Control set at "Flat" I 

Music (at 5% THD, regulated supply) 

Continuous (at 0.2% IMD, 60 Hz & 2 kHz mixed 
unregulated supply) See Fig'8 In ICAN-6048 
Total Harmonic Distoration 

At 1 W, unregulated supply . . .. 

At 12 W, unregulated supply 

Voltage Gam 

Hum and Noise (Below continuous Power Output) 

Input Resistance 

Tone Control Range 


15 W 

a 4 1 ratio. 

12 W 

0 05 % 

0 57 % 

40 dB 

83 dB 

250 kS2 

See Fig 9 In ICAN 6048 


Fig.38 — 12-watt amplifier circuit featuring true complementary-symmetry 
output stage with CA3094 in driver stage. 
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August 1991 Wide-Band Operational Amplifier 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pj| e Number 625-1 

Copyright © Harris Corporation 1991 
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CA3100 


ELECTRICAL CHARACTERISTICS, At T A = 25°C: 


CHARACTERISTICS 

TEST CONDITIONS 

SUPPLY VOLTAGE (V + ,V”) = 15 V 
UNLESS OTHERWISE SPECIFIED 

LIMITS 

UNITS 



Q 

| STATIC | 

Input Offset Voltage, V|q 

v 0 = 0 ± 0.1 V 

- 

±1 

±5 

mV 

Input Bias Current, 1 1 Q 

v 0 = 0 ± 1 V 

- 

0.7 

2 

/±A 

Input Offset Current, 1 1 0 

- 

±0.05 

±0.4 

M A 

Low-Frequency Open-Loop 
Voltage Gain.AQL* 

Vq = ± 1 V Peak, F = 1 kHz 

56 

61 

- 

dB 

Common-Mode Input 

Voltage Range, V|CR 

CMRR >76 dB 

±12 

+ 14 

-13 

- 

V 

Common-Mode 

Rejection Ratio, CMRR 

V| Common Mode = ± 12 V 

76 

90 

_ 

1 

Maximum Output Voltage: 

Positive, Vqm + 

Differential Input Voltage = 0 ± 0.1 V 
R L = 2 K il 

+9 

+ 11 


■ 

Negative, Vqivj- 

-9 

-11 

- 

Maximum Output Current: 
Positive , >OM + 

Differential Input Voltage =0 ±0.1 V 
R l = 250 a 

+ 15 

+30 


H 

Negative, Iom~ 

-15 

-30 

- 

Supply Current, l + 

Vq = 0 ± 0.1 V, R l > 10 K il 

- 

8.5 

10.5 

mA 

Power-Supply 

Rejection Ratio, PSRR 

Av + = i 1 V, Av- = + IV 

60 

70 

- 

dB 

DYNAMIC 

Unity-Gam 

Crossover Frequency, fj 

C C =0, V 0 =03V (P-P) 

- 

38 

- 

MHz 

1-MHz Open-Loop 

Voltage Gam, a Ol 

f = 1 MHz. C C = 0, Vq = 10 V (P-P) 

36 

42 

- 

dB 

Slew Rate, SR: 

20-dB Amplifier 

A V = 10. C C = 0. V, = 1 V (Pulse) 

50 

70 


V/jUs 

Follower Mode 

Ay =1. Cc = 10 pF. V| = 10 V (Pulse) 

- 

mm 

- 

Power Bandwidth, PBW 4 : 
20-dB Amplifier 

A V = 10. C C = 0. V 0 = 18 V (P-P) 


m 

_ 

Q 

Follower Mode 

Ay = 1. Cc = 10 pF, Vq = 18 V (P-P) 

- 

0.4 

- 

Open-Loop Differential 

Input Impedance, Z\ 

F = 1 MHz 

- 


- 

mm 

Open-Loop 

Output Impedance, Zq 

F = 1 MHz 

- 


- 

n 

Wideband Noise Voltage Re- 
ferred to Input, eisj(Total) 

BW = 1 MHz, Rs = 1 KH 

- 


- 

MV RMS 

Settling Time, t $ 

[To Within ± 50 mV of 9 V 
[Output Swing 

R l = 2 K il, C L - 20 pF 

■ 


■ 

Ms 


. Diew naie m ... 

A Power Bandwidth = Low-frequency dynamic characteristic 

7TV 0 (P-P) 
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CA3100 


MAXIMUM RATINGS, Absolute-Maximum Values: 


Supply Voltage (between V+ and V~ terminals) 36 

Differential Input Voltage ±12 

Input Voltage to Ground* ±15 

Offset Terminal to V - Terminal Voltage ±0.5 

Output Current 50 

Device Dissipation: 

Up to T a * 55°C 630 

Above T a = 55°C 6.67 

Ambient Temperature Range: 

Operating: 

E and M Types -40 to +85 

S and T Types -55 to +125 

Storage -65 to +150 

Lead Temperature (During Soldering) : 

At distance 1/16 ± 1/32 inch (1 .59 ±0.79 mm) from case for 10 s max. . . . +265 


V 

V 

V 

V 

mA* 

mW 

mW/°C 


* If the supply voltage is less than ±15 volts, the maximum input voltage to ground is equal to the supply 
voltage. 

• CA3100 does not contain circuitry to protect against short circuits in the output. 

TYPICAL CHARACTERISTIC CURVES 



Fig. 2 — Open-loop gain , open-loop phase shift vs. 


frequency. 



Fig. 4 — Open-loop gain vs. frequency and supply 
voltage. 


SLEW RATE (SR) — V/ M * 

O O O O 

AMBIENT TEMPERATURE (T A )«25*C 
LOAD RESISTANCE (R L )*2K11 

LOAD CAPACITANCE (C L )«20pF 
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Fig. 6 — Slew rate vs. compensation capacitance. 



Fig. 3 — Open-loop gain vs. frequency and 
temperature. 



CLOSED-LOOP GAIN ( A CL ) — dB 


Fig. 5 — Required compensation capacitance vs. 
closed-loop gain. 



Fig. 7 — Typical open-loop output impedance vs. 
frequency. 
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TYPICAL CHARACTERISTIC CURVES (Cont'd) 
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SOURCE RESISTANCE (R s ) — n 


Fig. 8 — Wideband input noise voltage vs. source 
resistance. 



Fig. 10 — Maximum output voltage swing us. 
frequency. 



Fig. 9 — Typical open-loop differential input 
impedance us. frequency. 



Fig. 11 — Common-mode input voltage range us. 
supply voltage. 


3 



Fig. 12 — Maximum output voltage vs. supply 
voltage. 



Fig. 13 - Supply current vs. supply voltage. 



Fig 14 — Input bias current vs. supply voltage. 
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CA3100 


TEST CIRCUITS 




Fig. 15 - Open-loop voltage gain test circuit. Fig. 16 - Slew rate in 10X amplifier test circuit. 




Fig. 17 — Follower slew rate test circuit. 


Fig. 18 — Wideband input noise voltage test 
circuit. 




Fig 19 — Output voltage swing (Vq/m), output 

current swing (Iq/^) test circuit. Fig. 20 — Settling time test circuit 


TYPICAL APPLICATIONS 




Fig. 21 — 20 dB video amplifier. 


Fig. 22 - 20 dB video line driver. 
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TYPICAL APPLICATIONS (Cont'd) 


ZERO 




Fig. 23 - Fast positive peak detector. Fig. 24—1 MHz meter-driver amplifier. 
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CA3130A 

CA3130 

BiMOS Operational Amplifiers 
with MOSFET Input/CMOS Output 


Features 

• MOjSFET Input Stage Provides: 

► Very High Z| = 1.5 TCI (1.5 x 1012ft) Typ. 

► Very Low l| = 5pA Typ. @ 1 5V Operation 

= 2pA Typ. @ 5V Operation 

• Ideal for Single-Supply Applications 

• Common-Mode Input-Voltage Range Includes Nega- 
tive Supply Rail; Input Terminals can be Swung 0.5V 
below Negative Supply Rail 

• CMOS Output Stage Permits Signal Swing to Either 
(or both) Supply Rails 

Applications 

• Ground-Referenced Single Supply Amplifiers 

• Fast Sample-Hold Amplifiers 

• Long-Duration Timers/Monostables 

• High-Input-Impedance Comparators 
(Ideal Interface with Digital CMOS) 

• High-Input-Impedance Wideband Amplifiers 

• Voltage Followers (e.g. Follower for Single-Supply 
D/A Converter) 

• Voltage Regulators (Permits Control of Output 
Voltage Down to Zero Volts) 

• Peak Detectors 

• Single-Supply Full-Wave Precision Rectifiers 

• Photo-Diode Sensor Amplifiers 


Description 

CA3130A and CA3130 are integrated-circuit operational 
amplifiers that combine the advantage of both CMOS and 
biploar transistors on a monolithic chip. 

Gate-protected p-channel MOSFET (PMOS) transistors 
are used in the input circuit to provide very-high-input 
impedance, very-low-input current, and exceptional speed 
performance. The use of PMOS field-effect transistors in 
the input stage results in common-mode input-voltage 
capability down to 0.5 volt below the negative-supply 
terminal, an important attribute in single-supply 
applications. 

A complementary-symmetry MOS (CMOS) transistor-pair, 
capable of swinging the output voltage to within 10 
millivolts of either supply-voltage terminal (at very high 
values of load impedance), is employed as the output 
circuit. 

The CA3130 Series circuits operate at supply voltages 
ranging from 5 to 1 6 volts, or ±2.5 to ±8 volts when using 
split supplies. They can be phase compensated with a 
single external capacitor, and have terminals for adjustment 
of offset voltage for applications requiring offset-null 
capability. Terminal provisions are also made to permit 
strobing of the output stage. 

The CA3130 Series is supplied in standard 8-lead TO-5 
style packages (T suffix), 8-lead dual-in-line formed lead 
TO-5 style “DIL-CAN” packages (S suffix). The CA3130 is 
available in chip form (H suffix). The CA3130 and CA3130A 
are also available in the Mini- DIP 8-lead dual-in-line plastic 
package (E suffix), and in the 8-lead Small Outline package 
(M suffix). All types operate over the full military- 
temperature range of -550C to +1250C. The CA3130A 
offers superior input characteristics over those of the 
CA3130. 


Pinouts 


E AND M SUFFIXES 
TOP VIEW 


OFFSET . — 
NULL |_J_ 
INV. . — 
INPUT l 2 
NON - INV. rr- 
INPUT L — 


a 




T| STROBE 

T] V + 

T] OUTPUT 

T] OFFSET 
— 1 NULL 


S AND T SUFFIXES 
TOP VIEW 


PHASE 
COMPENSATION TAB 



V ’ AND CASE 


FIGURE 1. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 


File Number 817.1 
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ELECTRICAL CHARACTERISTICS at Ta= 25°C, V + =15 V, V = 0 V (Unless otherwise specified) 


CHARACTERISTIC 

LIMITS | 

Units 

CA3130A (T. S, E, M) 

CA3130 (T, S, E, M) 

iaia 

EM 



EM 


Input Offset Voltage, 
|v l0 | . V ± =±7.5 V 

B 

B 

B 

B 

8 


g 

Input Offset Current, 

I'lol. V±=±7 5 V 

- 

0.5 

20 

- 

0.5 

30 

pA 

Input Current, l| 
V ± =±7.5 V 

- 


30 

- 

B 

50 

pA 

Large-Signal Voltage 
Gain, Aq|_ 

V 0 =10V p . p , R L =2 kn 

50 k 

320 k 

- 



- 

V/V 

94 

110 

- 


mm 

H 

dB 

Common-Mode 

Rejection Ratio,CMRR 

80 


- 

70 

Q 

i 

dB 

Common-Mode Input- 
Voltage Range, V|qr 

0 

H 

10 

0 



D 

Power-Supply Rejection 
Ratio, AVjq/AV* 
V ± =±7.5 V 

- 

32 

150 

- 

32 

320 

jLlV/V 

Maximum Output 
Voltage: 

At Ri Pp ^OM 

12 

13.3 


12 

13.3 


V 

v OM 

_ 

0.002 

0.01 

- 

0.002 

0.01 

At R - nn ^OM 

14.99 

15 

- 

14.99 

15 

- 

mi n | w x - _ 

v OM 

- 

0 

0.01 

- 

0 

0.01 

Maximum Output 
Current: 

I 0 m + (Source) @ 
v 0 = o V 

12 

22 

45 

12 

22 

45 

mA 

Iqm - (Sink) @ 

V 0 = 15 V 

12 

20 

45 

12 

20 

45 

Supply Current, l + : 
V 0 =7.5 V,R L =oo 


10 

15 

- 

10 

15 

mA 

v 0 = o V, R l = °o 

- 

2 

3 

- 

2 

3 

Input Offset Voltage 
Temp. Drift, 

AV, 0 /AT* 

- 

10 

- 

- 

10 

- 

jLtV/° C 


3-89 


OPERATIONAL 

AMPLIFIERS 





























CA3130A. CA3130 


TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE 


CHARACTERISTIC 

TEST 

CONDITIONS 

CA3130A 
CA3130 
(T, S. E, M) 

UNITS 

V + = +7.5 V 
V“ = —7.5 V 
T a = 25° C 
(Unless Other- 
wise Specified) 

Input Offset Voltage 
Adjustment Range 

10 kH across 
Terms. 4 and 5 
or 4 and 1 

±22 

mV 

Input Resistance, R| 


1.5 

TO 

Input Capacitance, Cj 

f = 1 MHz 

4.3 

pF 

Equivalent Input Noise 
Voltage, e n 


23 

AtV 

Unity Gain Crossover 

Frequency, f j 

o 

o 

o 

15 


C C = 47 pF 

4 

Slew Rate, SR: 

Open Loop 

c c = o 



Closed Loop 

c c = 56 pF 

10 

Transient Response: 

Rise Time, t r 

C c = 56 pF 

C L = 25 pF 

R L = 2 TO 

(Voltage 

Follower) 


ps 

Overshoot 

10 

% 

Settling Time (4 V p . p 

Input to <0.1%) 

1.2 

MS 


* Although a 1-Mf2 source is used for this test, the equivalent input noise remains constant for values of Re 
up to 10 MU. 


CHARACTERISTIC 

TEST 

CONDITIONS 

CA3130A 
(T, S, E, M) 

CA3130 
(T, S. E, M) 

UNITS 

V + = 5 V 
V“ = 0 V 

T a = 25°C 
(Unless Other- 
wise Specified) 

Input Offset Voltage, Vjq 


2 

8 

mV 

Input Offset Current, I|q 


0.1 

0.1 

PA 

Input Current, l| 


2 

2 

pA 

Common-Mode Rejection 
Ratio, CMRR 


90 



Large-Signal Voltage 

Gain, Aqj_ 


100 k 


V/V 

100 

100 

dB 

Common-Mode Input 
Voltage Range, Vjqr 


Oto 2.8 

0 to 2.8 

V 

Supply Current, l + 

■ S3 

300 

300 

ma 

WEsgSm 

500 

500 

Power Supply Rejection 
Ratio, AV |0 /AV + 


200 

200 

JiV/V 
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CA3130A, CA3130 


MAXIMUM RATINGS, Absolute-Maximum Values 


DC SUPPLY VOLTAGE 

(Between V + and V Terminals) 16 V 

DIFFERENTIAL-MODE 

INPUT VOLTAGE ±8 V 

COMMON-MODE DC 

INPUT VOLTAGE. . . (V + +8 V) to (V~ -0.5 V) 

INPUT-TERMINAL CURRENT 1mA 

DEVICE DISSIPATION: 

WITHOUT HEAT SINK - 

UP TO 55°C 630 mW 

ABOVE 55°C Derate linearly 6.67 mW/°C 

WITH HEAT SINK - 

UP TO 90°C 1 W 


ABOVE 90° C • • • Derate linearly 16.7 mW/°C 


TEMPERATURE RANGE: 

OPERATING (all types) -55 to + 125°C 

STORAGE (all types) -65 to + 150°C 

OUTPUT SHORT-CIRCUIT. 

DURATION* INDEFINITE 

LEAD TEMPERATURE 
(DURING SOLDERING): 

AT DISTANCE 1/16 ±1/32 INCH 

(1.59 ±0.79 mm) FROM CASE 

FOR 10 SECONDS MAX +265°C 

‘Short circuit may be applied to ground or to either 
supply. 



92CM- 24 7I4RI 
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Fig. 2 — Schematic diagram of the CA3130 Series. 


CIRCUIT DESCRIPTION 

Fig. 3 is a block diagram of the CA3130 
Series CMOS Operational Amplifiers. The 
input terminals may be operated down to 
0.5 V below the negative supply rail, and the 
output can be swung very close to either 
supply rail in many applications. Conse- 
quently, the CA3130 Series circuits are ideal 
for single-supply operation. Three Class A 
amplifier stages, having the individual gain 
capability and current consumption shown 
in Fig. 3, provide the total gain of the 
CA3130. A biasing circuit provides two 
potentials for common use in the first and 


second stages. Term. 8 can be used both for 
phase compensation and to strobe the output 
stage into quiescence. When Term. 8 is tied 
to the negative supply rail (Term. 4) by 
mechanical or electrical means, the output 
potential at Term. 6 essentially rises to the 
positive supply-rail potential at Term. 7. 
This condition of essentially zero current 
drain in the output stage under the strobed 
"OFF" condition can only be achieved when 
the ohmic load resistance presented to the 
amplifier is very high (e.g., when the amplifier 
output is used to drive CMOS digital circuits 
in comparator applications). 
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Input Stages— The circuit of the CA3130 is 
shown in Fig. 2. It consists of a differential- 
input stage using PMOS field-effect tran- 
sistors (Q6, Q7) working into a mirror-pair 
of bipolar transistors (Q9, Q10) functioning 
as load resistors together with resistors R3 
through R6. The mirror-pair transistors also 
function as a differential-to-single-ended con- 
verter to provide base drive to the second- 
stage bipolar transistor (Q11). Offset nulling, 
when desired, can be effected by connecting 
a 100,000-ohm potentiometer across Terms. 
1 and 5 and the potentiometer slider arm to 
Term. 4. Cascode-connected PMOS transistors 
Q2, Q4 are the constant-current source for 
the input stage. The biasing circuit for the 
constant-current source is subsequently de- 
scribed. The small diodes D5 through D8 
provide gate-oxide protection against high- 
voltage transients, e.g., including static elec- 
tricity during handling for Q6 and Q7. 

Second-Stage-Most of the voltage gain in the 
CA3130 is provided by the second amplifier 
stage, consisting of bipolar transistor Q1 1 
and its cascode-connected load resistance 
provided by PMOS transistors Q3 and Q5. 
The source of bias potentials for these PMOS 
transistors is subsequently described. Miller- 
Effect compensation (roll-off) is accom- 
plished by simply connecting a small capa- 
citor between Terms. 1 and 8. A 47-picofarad 
capacitor provides sufficient compensation 
for stable unity-gain operation in most 
applications. 

Bias-Source Circuit— At total supply voltages, 
somewhat above 8.3 volts, resistor R2 and 
zener diode Z1 serve to establish a voltage of 
8.3 volts across the series-connected circuit, 
consisting of resistor R1, diodes D1 through 
D4, and PMOS transistor Q1. A tap at the 
junction of resistor R1 and diode D4 provides 
a gate-bias potential of about 4.5 volts for 
PMOS transistors Q4 and Q5 with respect to 
Term. 7. A potential of about 2.2 volts is 
developed across diode-connected PMOS tran- 
sistor Q1 with respect to Term. 7 to provide 
gate bias for PMOS transistors Q2 and Q3. It 


should be noted that Q1 is "mirror-con- 
nected"* to both 02 and Q3. Since tran- 
sistors Q1, 02, Q3 are designed to be iden- 
tical, the approximately 200-microampere 
current in Q1 establishes a similar current in 
02 and Q3 as constant-current sources for 
both the first and second amplifier stages, 
respectively. 

At total supply voltages somewhat less than 
8.3 volts, zener diode Z1 becomes non- 
conductive and the potential, developed 
across series-connected R1, D1-D4, and Q1, 
varies directly with variations in supply 
voltage, Consequently, the gate bias for 04, 
Q5 and 02, Q3 varies in accordance with 
supply-voltage variations. This variation re- 
sults in deterioration of the power-supply- 
rejection ratio (PSRR) at total supply volt- 
ages below 8.3 volts. Operation at total sup- 
ply voltages below about 4.5 volts results in 
seriously degraded performance. 

Output Stage— The output stage consists 
of a drain-loaded inverting amplifier using 
CMOS transistors operating in the Class A 
mode. When operating into very high 
resistance loads, the output can be swung 
within millivolts of either supply rail. Be- 
cause the output stage is a drain-loaded 
amplifier, its gain is dependent upon the 
load impedance. The transfer characteristics 
of the output stage for a load returned to the 
negative supply rail are shown in Fig. 6. 
Typical op-amp loads are readily driven by 
the output stage. Because large-signal 
excursions are non-linear, requiring feed- 
back for good waveform reproduction, 
transient delays may be encountered. As a 
voltage follower, the amplifier can achieve 
0.01 per cent accuracy levels, including the 
negative supply rail. 


fFor general information on the characteristics 
of CMOS transistor-pairs in linear-circuit 
applications, see File No. 619, data bulletin on 
CA3600E “CMOS Transistor Array”. 



TOTAL SUPPLY VOLTAGE (FOR INDICATED VOLTAGE GAINS) • IS V 
“WITH INPUT TERMINALS BIASED SO THAT TERM 6 POTENTIAL 
IS +75 V ABOVE TERM 4 

•with OUTPUT TERMINAL ORIVEN TO EITHER SUPPLY RAIL. 

92CS-247I* 


Fig. 3 — Block diagram of the CA3130 Series. 



Fig. 4 — Open-loop voltage gain and phase shift 
vs. frequency for various values of 
Cj_, Cq, and R[_. 
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Fig. 5 - Open-loop gain vs. temperature. 
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Fig. 7 — Quiescent supply current vs. supply voltage. 



92CS — 24 721 

Fig. 9 — Voltage across PMOS output transistor 
(Q8) vs. load current. 

Input Current Variation with Common- 
Mode Input Voltage 

As shown in the Table of Electrical Charac- 
teristics, the input current for the CA3130 
Series Op-Amps is typically 5 pA at T/\=25°C 
when terminals 2 and 3 are at a common- 
mode potential of +7.5 volts with respect to 
negative supply Terminal 4. Fig. 11 contains 
data showing the variation of input current 
as a function of common-mode input voltage 
at T/\ = 25°C. These data show that circuit 
designers can advantageously exploit these 
characteristics to design circuits which typi- 
cally require an input current of less than 1 
pA, provided the common-mode input volt- 
age does not exceed 2 volts. As previously 
noted, the input current is essentially the 
result of the leakage current through the 



Fig. 6- Voltage transfer characteristics of 
CMOS output stage. 



at several temperatures. 



MAGNITUDE OF LOAO CURRENT (I L )— mA 

92CS-24722 

Fig. 10— Voltage across NMOS output transistor 
(Q12) vs. load current. 


gate-protection diodes in the input circuit 
and, therefore, a function of the applied 



92CS-29089 

Fig. 11 — Input current vs. common-mode voltage. 
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voltage. Although the finite resistance of the 
glass terminal-to-case insulator of the TO-5 
package also contributes an increment of 
leakage current, there are useful compensa- 
ting factors. Because the gate-protection net- 
work functions as if it is connected to 
Terminal 4 potential, and the TO-5 case of 
the CA3130 is also internally tied to Term- 
inal 4, input terminal 3 is essentially “guarded" 
from spurious leakage currents. 

Offset Nulling 

Offset-voltage nulling is usually accomplished 
with a 100,000-ohm potentiometer con- 
nected across Terms. 1 and 5 and with the 
potentiometer slider arm connected to Term. 
4. A fine offset-null adjustment usually can 
be effected with the slider arm positioned in 
the mid-point of the potentiometer's total 
range. 

Input-Current Variation with Temperature 

The input current of the CA3130 Series cir- 
cuits is typically 5 pA at 25°C. The major 
portion of this input current is due to leakage 
current through the gate-protective diodes in 
the input circuit. As with any semiconductor- 
junction device, including op amps with a 
junction-FET input stage, the leakage cur- 
rent approximately doubles for every 10°C 
increase in temperature. Fig. 12 provides data 
on the typical variation of input bias current 
as a function of temperature in the CA3130. 



92CS- 28244 


Fig. 12 — Input current vs. ambient temperature. 

In applications requiring the lowest practical 
input current and incremental increases in 
current because of "warm-up" effects, it is 
suggested that an appropriate heat sink be 
used with the CA3130. In addition, when 
"sinking" or "sourcing" significant output 
current the chip temperature increases, 
causing an increase in the input current. In 
such cases, heat-sinking can also very mar- 
kedly reduce and stabilize input current 
variations. 

Input-Offset-Voltage (V|q) Variation with 
DC Bias vs. Device Operating Life 
It is well known that the characteristics of a 
MOS/FET device can change slightly when a 
dc gate-source bias potential is applied to the 
device for extended time periods. The magni- 


tude of the change is increased at high tem- 
peratures. Users of the CA3130 should be 
alert to the possible impacts of this effect if 
the application of the device involves ex- 
tended operation at high temperatures with a 
significant differential dc bias voltage applied 
across Terms. 2 and 3. Fig. 1 3 shows typical 
data pertinent to shifts in offset voltage 
encountered with CA3130 devices (TO-5 
package) during life testing. At lower tem- 
peratures (TO-5 and plastic), for example 
at 85°C, this change in voltage is con- 
siderably less. In typical linear applica- 
tions where the differential voltage is small 
and symmetrical, these incremental changes 
are of about the same magnitude as those 
encountered in an operational amplifier em- 
ploying a bipolar transistor input stage. The 
two-volt dc differential voltage example rep- 
resents conditions when the amplifier output 
stage is "toggled", e.g., as in comparator 
applications. 



Fig. 13 — Typical incremental offset-voltage shift 
vs. operating life. 


Power-Supply Considerations 
Because the CA3130 is very useful in single- 
supply applications, it is pertinent to review 
some considerations relating to power-supply 
current consumption under both single- and 
dual-supply service. Figs. 14a and 14b show 
the CA3130 connected for both dual- and 
single-supply operation. 

Dual-supply operation: When the output 
voltage at Term. 6 is zero-volts, the currents 
supplied by the two power supplies are equal. 
When the gate terminals of Q8 and Q12 are 
driven increasingly positive with respect to 
ground, current flow through Q12 (from the 
negative supply) to the load is increased and 
current flow through Q8 (from the positive 
supply) decreases correspondingly. When the 
gate terminals of Q8 and Q12 are driven in- 
creasingly negative with respect to ground, 
current flow through Q8 is increased and 
current flow through Q12 is decreased 
accordingly. 

Single-supply operation: Initially, let it be 
assumed that the value of Rj_ is very high 
(or disconnected), and that the input-terminal 
bias (Terms. 2 and 3) is such that the out- 
put terminal (No. 6) voltage is at V + /2, i.e., 
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[ SUPPLY 



(o) DUAL POWER-SUPPLY OPERATION 


r ^ 



(b) SINGLE POWER- SUPPLY OPERATION 
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Fig. 14 — CA3130 output stage in dual and single power-supply operation. 


the voltage-drops across Q8 and Q12 are of 
equal magnitude. Fig. 7 shows typical quies- 
cent supply-current vs. supply-voltage for the 
CA3130 operated under these conditions. 
Since the output stage is operating as a 
Class A amplifier, the supply-current will 
remain constant under dynamic operating 
conditions as long as the transistors are 
operated in the linear portion of their 
voltage-transfer characteristics (see Fig. 6). 
If either Q8 or Q12 are swung out of their 
linear regions toward cut-off (a non-linear 
region), there will be a corresponding re- 
duction in supply-current. In the extreme 
case, e.g., with Term. 8 swung down to 
ground potential (or tied to ground), NMOS 
transistor Q12 is completely cut off and the 
supply-current to series-connected transistors 
Q8, Q12 goes essentially to zero. The two 
preceding stages in the CA3130, however, 
continue to draw modest supply-current (see 
the lower curve in Fig. 7) even though the 
output stage is strobed off. Fig. 14a shows a 
dual-supply arrangement for the output stage 
that can also be strobed off, assuming Ri_=°°, 
by pulling the potential of Term. 8 down to 
that of Term. 4. 

Let it now be assumed that a load-resistance 
of nominal value (e.g., 2 kilohms) is con- 
nected between Term. 6 and ground in the 
circuit of Fig. 14b. Let it further be assumed 
again that the input-terminal bias (Terms. 2 
and 3) is such that the output terminal (No. 
6) voltage is a V + /2. Since PMOS transistor 
Q8 must now supply quiescent current to 
both Rl and transistor Q12, it should be 
apparent that under these conditions the 
supply-current must increase as an inverse 
function of the R|_ magnitude. Fig. 9 shows 
the voltage-drop across PMOS transistor Q8 
as a function of load current at several supply- 
voltages. Fig. 6 shows the voltage-transfer 
characteristics of the output stage for several 
values of load resistance. 

Wideband Noise 

From the standpoint of low-noise perform- 
ance considerations, the use of the CA3130 
is most advantageous in applications where 
in the source resistance of the input signal is 


in the order of 1 megohm or more. In this 
case, the total input-referred noise voltage 
is typically only 23 /iV when the test-circuit 
amplifier of Fig. 15 is operated at a total 
supply voltage of 15 volts. This value of 
total input-referred noise remains essentially 
constant, even though the value of source 
resistance is raised by an order of magnitude. 
This characteristic is due to the fact that 
reactance of the input capacitance becomes a 
significant factor in shunting the source 
resistance. It should be noted, however, that 
for values of source resistance very much 
greater than 1 megohm, the total noise 
voltage generated can be dominated by the 
thermal noise contributions of both the 
feedback and source resistors. 

TYPICAL APPLICATIONS 
Voltage Followers 

Operational amplifiers with very high input 
resistances, like the CA3130, are particularly 
suited to service as voltage followers. Fig. 16 
shows the circuit of a classical voltage 
follower, together with pertinent waveforms 
using the CA3130 in a split-supply config- 
uration. 

A voltage follower, operated from a single 
supply, is shown in Fig. 17, together with 
related waveforms. This follower circuit is 



Fig. 15 — Test-circuit amplifier (30-dB gain) used 
for wideband noise measurements. 
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Top Trace: Output 
Bottom Trace: Input 
(a) Small-signal response (50 mV/div. 
and 200 ns/div.) 



Top Trace: Output signal (2 V/div. 
and 5 /as/div.) 

Center Trace: Difference signal (5 mV/div. 
and 5 psld'w.) 

Bottom Trace: Input signal (2 V/div. 
and 5 jus/div.) 

(b) Input -output difference signal showing 
settling time (Measurement made with 
Tektronix 7A1 3 differential amplifier) 

Fig. 16 — Split-supply voltage follower with 
associated waveforms. 

linear over a wide dynamic range, as illus- 
trated by the reproduction of the output 
waveform in Fig. 17a with input-signal 
ramping. The waveforms in Fig. 17b show 
that the follower does not lose its input-to- 
output phase-sense, even though the input is 



(a) Output-waveform with input-signal ramping 
(2 V/div. and 500 jus/div.) 


■1 HUM 



OV 


•ov 
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Top Trace: Output (5 V/div. and 200 jus/div.) 
Bottom Trace: Input (5 V/div. and 200 jus/div.) 
(b) Output-waveform with ground-reference 
sine-wave input 


Fig. 17 — Single-supply voltage-follower with 
associated waveforms, (e.g., for use 
in single-supply D/A converter; see 
Fig. 9 in ICAN-6080). 


being swung 7.5 volts belowground potential. 
This unique characteristic is an important 
attribute in both operational amplifier and 
comparator applications. Fig. 17b also shows 
the manner in which the CMOS output 
stage permits the output signal to swing down 
to the negative supply-rail potential (i.e., 
ground in the case shown). The digital-to- 
analog converter (DAC) circuit, described in 
the following section, illustrates the practical 
use of the CA3130 in a single-supply voltage- 
follower application. 
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9-Bit COS/MOS DAC 

A typical circuit of a 9-bit Digital-to-Analog 
Converter (DAC)* is shown in Fig. 18 This 
system combines the concepts of multiple- 
switch CMOS IC's, a low-cost ladder net- 
work of discrete metal-oxide-film resistors, 
a CA3130 op amp connected as a follower, 
and an inexpensive monolithic regulator in 
a simple single power-supply arrangement. 
An additional feature of the DAC is that it is 
readily interfaced with CMOS input logic, 
e.g., 10-volt logic levels are used in the 
circuit of Fig. 18. 


of one per cent tolerance metal-oxide film 
resistors. The five arms requiring the highest 
accuracy are assembled with series and 
parallel combinations of 806,000-ohm re- 
sistors from the same manufacturing lot. 

A single 15-volt supply provides a positive 
bus for the CA3130 follower amplifier and 
feeds the CA3085 voltage regulator. A 
"scale-adjust" function is provided by the 
regulator output control, set to a nominal 
10-volt level in this system. The line-voltage 
regulation (approximately 0.2%) permits a 
9-bit accuracy to be maintained with varia- 



BIT 

2 

3 

4 

5 

6-9 


REQUIRED 
RATIO - MATCH 

STANDARD 
tO 1% 
tO 2% 
t04% 
tO 8% 
t I % ABS 


ALL RESISTANCES IN OHMS 


3 
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Fig. 18-9-bit DAC using CMOS digital switches and CA3130. 


The circuit uses an R/2R voltage-ladder 
network, with the output potential obtained 
directly by terminating the ladder arms at 
either the positive or the negative power- 
supply terminal. Each CD4007A contains 
three "inverters", each "inverter" function- 
ing as a single-pole double-throw switch to 
terminate an arm of the R/2R network at 
either the positive or negative power-supply 
terminal. The resistor ladder is an assembly 


* “Digitahto-Analog Conversion Using the Harris 
CD4007A COS/MOS 1C”, Application Note ICAN-6080. 


tions of several volts in the supply. The 
flexibility afforded by the COS/MOS building 
blocks simplifies the design of DAC systems 
tailored to particular needs. 

Single-Supply, Absolute-Value, Ideal Full- 
Wave Rectifier 

The absolute-value circuit using the CA3130 
is shown in Fig. 19. During positive excur- 
sions, the input signal is fed through tne 
feedback network directly to the output. 
Simultaneously, the positive excursion of the 
input signal also drives the output termi- 
nal (No. 6) of the inverting amplifier in a 
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negative-going excursion such that the 1N914 
diode effectively disconnects the amplifier 
from the signal path. During a negative-going 
excursion of the input signal, the CA3130 
functions as a normal inverting amplifier with 
a gain equal to -R2/R1. When the equality 
of the two equations shown in Fig. 19 is 
satisfied, the full-wave output is symmetrical. 



R3 * 4kfl (irr)* 6kn 

20 V p-p INPUT: BW(-3dB) • 230 kHi, DC OUTPUT (AVG.) *3.2 V 
I VOLT p-p INPUT, BW(-3dB) • 130 kHi, OC OUTPUT (AVG.) *160 mV 
92CS-24730 


Error-Amplifier in Regulated-Power Supplies 

The CA3130 is an ideal choice for error- 
amplifier service in regulated power supplies 
since it can function as an error-amplifier 
when the regulated output voltage is re- 
quired to approach zero. Fig. 21 shows the 
schematic diagram of a 40-mA power supply 
capable of providing regulated output volt- 



92CS — 24738RI 

Top Trace: Output signal (2 V/div.) 

Bottom Trace: Input signal (10 V/div.) 

Time base on both traces: 0.2 ms/div. 


Fig. 19 — Single-supply, absolute-value, ideal full-wave 
rectifier with associated waveforms. 


Peak Detectors 

Peak-detector circuits are easily implemented 
with the CA3130, as illustrated in Fig. 20 
for both the peak-positive and the peak- 
negative circuit. It should be noted that with 
large-signal inputs, the bandwidth of the 
peak-negative circuit is much less than that of 
the peak-positive circuit. The second stage 
of the CA3130 limits the bandwidth in this 
case. Negative-going output-signal excursion 
requires a positive-going signal excursion at 
the collector of transistor Q11, which is 
loaded by the intrinsic capacitance of the 
associated circuitry in this mode. On the 
other hand, during a negative-going signal 
excursion at the collector of Q11, the 
transistor functions in an active "pull-down" 
mode so that the intrinsic capacitance can be 
discharged more expeditiously. 



age by continuous adjustment over the range 
from 0 to 13 volts. Q3 and Q4 in IC2 (a 
CA3086 transistor-array 1C) function as 
zeners to provide supply-voltage for the 
CA3130 comparator (IC1). Q1, Q2, and 
Q5 in IC2 are configured as a low impedance, 
temperature-compensated source of adjust- 
able reference voltage for the error amplifier. 
Transistors Q1, Q2, Q3, and Q4 in IC3 
(another CA3086 transistor-array 1C) are 
connected in parallel as the series-pass ele- 
ment. Transistor Q5 in IC3 functions as a 
current-limiting device by diverting base 
drive from the series-pass transistors, in 
accordance with the adjustment of resistor 
R2. 

Fig. 22 contains the schematic diagram of a 
regulated power-supply capable of providing 
regulated output voltage by continuous ad- 
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Fig.20 — Peak-detector circuits. 
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CURRENT 

LIMIT 



REGULATION {NO LOAD TO FULL LOAD): < 0.01% 

INPUT REGULATION: 0.02%/ V 

HUM ANO NOISE OUTPUT: < 23 /xV UP TO 100 kHz 

92CM-24732 

Fig. 21 -Voltage regulator circuit ( 0 to 13 V at 40 mA). 



REGULATION (NO LOAO TO FULL LOAD ):< 0.005 % 
INPUT REGULATION: <O.OI%/V 

HUM AND NOISE OUTPUT: < 250 /xV RMS UP TO 100 kHz 


92CM- 24734 

Fig.22 — Voltage regulator circuit (0. 1 to 50 V at 1 A). 
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justment over the range from 0.1 to 50 volts 
and currents up to 1 ampere. The error 
amplifier (IC1) and circuitry associated with 
IC2 function as previously described, al- 
though the output of IC1 is boosted by a 
discrete transistor (Q4) to provide adequate 
base drive for the Darlington-connected series- 
pass transistors Q1, Q2. Transistor Q3 func- 
tions in the previously described current- 
limiting circuit. 

Multivibrators 

The exceptionally high input resistance pre- 
sented by the CA3130 is an attractive feature 
for multivibrator circuit design because it 
permits the use of timing circuits with high 
R/C ratios. The circuit diagram of a pulse 
generator (astable multivibrator), with pro- 
visions for independent control of the "on" 
and "off" periods, is shown in Fig. 23. 
Resistors R1 and R2 are used to bias the 
CA3130 to the mid-point of the supply-volt- 
age and R3 is the feedback resistor. The 
pulse repetition rate is selected by position- 
ing SI to the desired position and the rate 
remains essentially constant when the re- 
sistors which determine "on-period" and 
"off-period" are adjusted. 

Function Generator 

Fig. 24 contains a schematic diagram of a 
function generator using the CA3130 in the 
integrator and threshold detector functions. 
This circuit generates a triangular or square- 


wave output that can be swept over a 
1,000,000:1 range (0.1 Hz to 100 kHz) by 
means of a single control, R1. A voltage- 
control input is also available for remote 
sweep-control. 

The heart of the frequency-determining sys- 
tem is an operational-transconductance-ampli- 
fier (OTA)*, 1 Cl , operated as a voltage-con- 
trolled current-source. The output, lo, is a 
current applied directly to the integrating 
capacitor. Cl, in the feedback loop of the 
integrator IC2, using a CA3130, to provide 
the triangular-wave output. Potentiometer 
R2 is used to adjust the circuit for slope 
symmetry of positive-going and negative- 
going signal excursions. 

Another CA3130, IC3, is used as a controlled 
switch to set the excursion limits of the 
triangular output from the integrator circuit. 
Capacitor C2 is a "peaking adjustment" to 
optimize the high-frequency square-wave 
performance of the circuit. 

Potentiometer R3 is adjustable to perfect the 
"amplitude symmetry" of the square-wave 
output signals. Output from the threshold 
detector is fed back via resistor R4 to the 
input of IC1 so as to toggle the current 
source from plus to minus in generating the 
linear triangular wave. 


*See File No. 475 and ICAN-6668. 
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4 0 fis TO 10 ms 
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Fig.23 — Pulse generator (astable multivibrator) with 
provisions for independent control of " ON " 
and "OFF" periods. 
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Fig. 24 — Function generator (frequency can be varied 
1 ,000,000/1 with a single control). 


Operation with Output-Stage Power-Booster 
The current-sourcing and -sinking capability 
of the CA3130 output stage is easily sup- 
plemented to provide power-boost capability. 
In the circuit of Fig. 25, three CMOS 
transistor-pairs in a single CA3600E* 1C 
array are shown parallel connected with the 
output stage in the CA3130. In the Class A 
mode of CA3600E shown, a typical device 
consumes 20 mA of supply current at 15-V 


operation. This arrangement boosts the 
current-handling capability of the CA3130 
output stage by about 2.5X. 

The amplifier circuit in Fig. 25 employs 
feedback to establish a closed-loop gain of 
48 dB. The typical large-signal bandwidth 
(-3 dB) is 50 kHz. 


See File No. 619 for technical information. 



TRANSISTORS pi, p2, p3 AND nl,n2, n3 ARE 
PARALLEL -CONNECTED WITH 08 AND 012. 

RESPECTIVELY. OF THE CA3I30 

92CM-24737 


Fig. 25 - CMOS transistor array (CA3600E) 
connected as power-booster in the 
output stage of the CA3130. 
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A3140 


BiMOS Operational Amplifiers 
with MOSFET Input/Bipolar Output 


Features 

• MOSFET Input Stage 

► Very High Input Impedance (Zjn) -1.5 TO (Typ.) 

► Very Low Input Current (l|) -10 pA (Typ.) @ ±15V 

► Wide Common-Mode Input-Voltage Range (VICR) 
- can be Swung 0.5 Volt Below Negative Supply- 
Voltage Rail 

► Output Swing Complements Input Common- 
Mode Range 

° Directly Replaces Industry Type 741 in Most 
Applications 

Applications 

• Ground-Referenced Single-Supply Amplifiers in 
Automobile and Portable Instrumentation 

• Sample and Hold Amplifiers 

• Long-Duration Timers/Multivibrators 
(Microseconds-Minutes-Hours) 

• Photocurrent Instrumentation 

• Peak Detectos 

• Active Filters 

• Comparators 

• Interface in 5V TTL Systems and Other Low-Supply 
Voltage Systems 

• All Standard Operational Amplifier Applications 

• Function Generators 

• Tone Controls 

• Power Supplies 

• Portable Instruments 

• Intrusion Alarm Systems 


Description 

The CA3140A and CA3140 are integrated-circuit 
operational amplifiers that combine the advantages of high- 
voltage PMOS transistors with high-voltage bipolar 
transistors on a single monolithic chip. Because of this 
unique combination of technologies, this device can now 
provide designers, for the first time, with the special 
performance features of the CA3130 CMOS operational 
amplifiers and the versaility of the 741 series of industry- 
standard operational amplifiers. 

The CA3140A and CA3140 BiMOS operational amplifiers 
feature gate-protected MOSFET (PMOS) transistors in the 
input circuit to provide very-high-input impedance, very- 
low-input current, and high-speed performance. The 
CA3140A and CA31 40 operate at supply voltage from 4 to 
36 volts (either single or dual supply). These operational 
amplifiers are internally phase-compensated to achieve 
stable operation in unity-gain follower operation, and 
additionally, have access terminal for a supplementary ex- 
ternal capacitor if additional frequency roll-off is desired. 
Terminals are also provided for use in applications requiring 
input offset-voltage nulling. The use of PMOS field -effect 
transistors in the input stage results in common-mode 
input-voltage capability down to 0.5 volt below the 
negative-supply terminal, an important attribute for single- 
supply applications. The output stage uses bipolar 
transistors and includes built-in protection against damage 
from load-terminal short-circuiting to either supply-rail or 
to ground. 

The CA3140 Series has the same 8-lead terminal pin-out 
used for the “741” and other industry-standard operational 
amplifiers. They are supplied in either the standard 8-lead 
TO-5 style package (T suffix), or in the 8-lead dual-in-line 
formed-lead TO-5 style package “DIL-CAN” (S suffix). The 
CA3140 is available in chip form (H suffix). The CA3140A 
and CA3140 are also available in an 8-lead Small Outline 
package (M suffix) and in an 8-lead dual-in-line plastic 
package (MINI-DIP - E suffix). The CA3140A and CA3140 
are intended for operation at supply voltage up to 36 volts 
(±18 volts). All types can be operated safely over the 
temperature range from -55QC to +125°C. 


Pinouts 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 


File Number 
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TYPICAL ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

TEST 

CONDITIONS 

V + = +15 V 

V“ = -15 V 

T A = 25°C 

CA3140A 
(T, S, E, M) 

CA3140 
(T, S, E, M) 

H 

Input Offset Voltage 

Adjustment Resistor 

Typ. Value of Re- 
sistor Between 

Term. 4 and 5 or 

4 and 1 to Adjust 
Max. V|o 


4.7 

k£2 

Input Resistance Rl 


1.5 

1.5 

TO 

Input Capacitance C| 


4 

4 

pF 

Output Resistance RO 


60 

60 

£2 

Equivalent Wideband 

Input Noise Voltage e n 

(See Fig. 39) 

BW = 140 kHz 

RS = 1 M£2 

48 

48 

/uV 

Equivalent Input 

Noise Voltage e n 

(See Fig. 10) 

f = 1 kHz 

R S = 

ioo n 

40 

40 

nVA/Hz" 

f = 10kHz 

12 

12 

Short-Circuit Cur 

Opposite Supply 

rent to 

Source IOM + 


40 

40 

mA 

Sink IqM~ 


18 

18 

mA 

Gain-Bandwidth 

Product, (See Figs. 5 &I8) fT 


4.5 

4.5 

MHz 

Slew Rate, (See Fig. 6) SR 


9 

9 

V/fJLS 

Sink Current From Terminal 8 

To Terminal 4 to Swing 

Output Low 


220 

220 

pA 

Transient Response: 

Rise Time 

R L = 2 k£2 

C L = 100 pF 

0.08 

0.08 

ps 

Overshoot (See Fig. 37) lr 

10 

10 

% 

Settling Time 
at 1 0 Vp.p ( 

(See Fig. 17) 

1 mV t s 

Rl = 2 kC2 

Cl = 100 pF 
Voltage Follower 

4.5 

4.5 

JUS 

10 mV 

1.4 

1.4 
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ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN 
At V + = 15 V, V - = 15 V, T^ = 25°C Unless Otherwise Specified 


CHARACTERISTIC 

LIMITS 

UNITS 

CA3140A 

CA3140 





Typ. 


Input Offset Voltage, |V|o| 

- 

2 

5 

- 

5 

15 

mV 

Input Offset Current, |l|o| 

- 

0.5 




30 

pA 

Input Current, l| 

- 

■a 

o 

Bl 

10 

50 

pA 

Large-Signal 

Voltage Gain, Aql* 

(See Figs. 4,18) 



- 

in 

100 k 

- 


86 

100 

- 

86 

100 

- 

dB 

Common-Mode 

Rejection Ratio, CMRR 
(See Fig. 9) 

- 

32 

320 

- 

32 

320 

juV/V 

70 

90 

- 

70 

90 

- 

dB 

Common-Mode 

Input-Voltage 

Range, V|CR 
(See Fig. 20) 

-15 

-15.5 

to 

+ 12.5 

12 

-15 

-15.5 

to 

+ 12.5 

11 

V 

Power-Supply 

Rejection AVjq/AV 

- 

100 

150’ 

- 

100 

150 

pV/V 

Ratio, PSRR 
(See Fig.1 1) 

76 

80 

- 

76 

80 

- 

dB 

Max. Output 

Voltage" Vom + 

+ 12 

13 


+ 12 

13 . 


V 

(See Figs. 13,20) VoM~ 

-14 

-14.4 

- 

-14 

-14.4 

- 

Supply Current, l + 

(See Fig. 7 ) 

- 

4 

6 

- 

4 

6 

. mA 

Device Dissipation, Pq 

- 

120 

180 

- 

120 

180 

mW 

Input Offset Voltage 

Temp. Drift, AV|q/AT 

- 

6 

- 

- 

8 

- 

iuV/° C 


0 At Vo = 26V p .p, + 12V, -14V and R|_ = 2 kft. D At R|_ = 2 kft. 
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MAXIMUM RATINGS, A bsolute-Maximum Values: 


DC SUPPLY VOLTAGE 

(BETWEEN V + AND V TERMINALS) 

DIFFERENTIAL-MODE INPUT VOLTAGE 

COMMON-MODE DC INPUT VOLTAGE 

INPUT-TERMINAL CURRENT 

DEVICE DISSIPATION: 

WITHOUT HEAT SINK - 

UP TO 55°C 

ABOVE 55°C 

WITH HEAT SINK - 

UP TO 55° C 

ABOVE 55° C 

TEMPERATURE RANGE: 

OPERATING (ALL TYPES) 

STORAGE (ALL TYPES) 

OUTPUT SHORT-CIRCUIT DURATION* 

LEAD TEMPERATURE (DURING SOLDERING): 

AT DISTANCE 1/16 ± 1/32 INCH (1.59 ± 0.79 MM) 
FROM CASE FOR 10 SECONDS MAX 


CA3140, CA3140A 


36 V 

± 8 V 

(V + +8 V) to (V -0.5 V) 
1 mA 


630 mW 

Derate linearly 6.67 mW/°C 

1 W 

Derate linearly 16.7 mW/°C 

-55 to +1 25° C 

-65 to +1 50° C 

INDEFINITE 


+265° C 


* Short circuit may be applied to ground or to either supply. 



TYPICAL ELECTRICAL CHARACTERISTICS FOR DESIGN GUIDANCE 
At V + = 5 V, V- = 0 V, T A = 25°C 


CHARACTERISTIC 

CA3140A 
(T. S, E, M) 

CA3140 
(T. S, E, M) 

UNITS 

Input Offset Voltage 

|V|Ol 

2 

5 

mV 

Input Offset Current 

l'io| 

0.1 

0.1 

pA 

Input Current l| 

2 

2 

pA 

Input Resistance 

1 

1 

TQ 

Large-Signal Voltage Gain 

AOL 

100 k 

100 k 

V/V 

(See Figs. 4, 18) 


100 

100 

dB 

Common-Mode Rejection Ratio, 

CMRR 

32 

32 

jjV/V 



90 

90 

dB 

Common-Mode Input-Voltage Range 

V|CR 

-0.5 

-0.5 

V 

(See Fig. 20) 


2.6 

2.6 

1 Power-Supply Rejection Ratio AV|q/AV + I 

100 

100 

juV/V 



80 

80 

dB 

Maximum Output Voltage 

VOM + 

3 

3 

V 

(See Figs. 13,20) 

VOM" 

0.13 

0.13 

Maximum Output Current: 





Source 

'OM + 

10 | 

10 

mA 

Sink 

•OM“ 

1 

1 

Slew Rate (See Fig. 6) 

7 

7 

V/ais 

Gain-Bandwidth Product (See Fig. 5) 

fT 

3.7 

3.7 

MHz 

Supply Current (See Fig. 7) 

1 + 

1.6 

1.6 

mA 

Device Dissipation 

PD 

8 

8 

mW 

Sink Current from Term. 8 to 


200 

200 

MA 

Term. 4 to Swing Output Low 
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Fig. 2 — Block diagram of CA3 140 series. 



CIRCUIT DESCRIPTION 


Fig. 2 is a block diagram of the CA3140 
Series PMOS Operational Amplifiers. The 
input terminals may be operated down to 
0.5 V below the negative supply rail. Two 
class A amplifier stages provide the voltage 
gain, and a unique class AB amplifier stage 
provides the current gain necessary to drive 
low-impedance loads. 

A biasing circuit provides control of cascoded 
constant-current flow circuits in the first and 
second stages. The CA3140 includes an on- 


chip phase-compensating capacitor that is 
sufficient for the unity gain voltage-follow- 
er configuration. 

Input Stages - The schematic circuit diagram 
of the CA3140 is shown in Fig.3. It con- 
sists of a differential-input stage using PMOS 
field-effect transistors (Q9, Q10) working 
into a mirror pair of bipolar transistors (Q1 1 , 
Q12) functioning as load resistors together 
with resistors R2 through R5. The mirror- 
pair transistors also function as a differen- 
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tial-to-single-ended converter to provide base- 
current drive to the second-stage bipolar 
transistor (Q13). Offset nulling, when de- 
sired, can be effected with a lO-kft poten- 
tiometer connected across terminals 1 and 
5 and with its slider arm connected to termi- 
nal 4. Cascode-connected bipolar transistors 
Q2, Q5 are the constant-current source for 
the input stage. The base-biasing circuit for 
the constant-current source is described sub- 
sequently. The small diodes D3, D4, D5 pro- 
vide gate-oxide protection against high-volt- 
age transients, e.g., static electricity. 

Second Stage — Most of the voltage gain in 
the CA3140 is provided by the second amp- 
lifier stage, consisting of bipolar transistor 
Q13 and its cascode-connected load resis- 
tance provided by bipolar transistors Q3, Q4. 
On-chip phase compensation, sufficient for 
a majority of the applications is provided by 
Cl. Additional Miller-Effect compensation 
(roll-off) can be accomplished, when de- 
sired, by simply connecting a small capa- 
citor between terminals 1 and 8. Terminal 
8 is also used to strobe the output stage into 
quiescence. When terminal 8 is tied to the 
negative supply rail (terminal 4) by mechani- 
cal or electrical means, the output terminal 6 
swings low, i.e., approximately to terminal 
4 potential. 

Output Stage — The CA3140 Series circuits 
employ a broadband output stage that can 
sink loads to the negative supply to comple- 
ment the capability of the PMOS input stage 
when operating near the negative rail. Quies- 
cent current in the emitter-follower cascade 
circuit (Q17, Q18) is established by tran- 
sistors (Q14, Q15) whose base-currents are 
"mirrored" to current flowing through diode 
D2 in the bias circuit section. When the 
CA3140 is operating such that output ter- 
minal 6 is sourcing current, transistor Q18 
functions as an emitter-follower to source 
current from the V+ bus (terminal 7), via 
D7, R9, and R11. Under these conditions, 
the collector potential of Q13 is suffi- 
ciently high to permit the necessary flow of 
base current to emitter follower Q17 which, 
in turn, drives Q18. 

When the CA3140 is operating such that 

output terminal 6 is sinking current to the 

V— bus, transistor Q16 is the current-sinking 


element. Transistor Q16 is mirror-connected 
to D6, R7, with current fed by way of Q21, 
R12, and Q20. Transistor Q20, in turn, is 
biased by current-flow through R13, zener 
D8, and R14. The dynamic current-sink 
is controlled by voltage-level sensing. For 
purposes of explanation, it is assumed that 
output terminal 6 is quiescently established 
at the potential mid-point between the V+ 
and V— supply rails. When output-current 
sinking-mode operation is required, the col- 
lector potential of transistor Q13 is driven 
below its quiescent level, thereby causing 
Q17, Q18 to decrease the output voltage at 
terminal 6. Thus, the gate terminal of PMOS 
transistor Q21 is displaced toward the V— bus, 
thereby reducing the channel resistance of 
Q21. As a consequence, there is an incre- 
mental increase in current flow through 
Q20, R12, Q21, D6, R7, and the base of 
Q16. As a result, Q16 sinks current from 
terminal 6 in direct response to the incre- 
mental change in output voltage caused by 
Q18. This sink current flows regardless of 
load; any excess current is internally supplied 
by the emitter-follower Q18. Short-circuit 
protection of the output circuit is provided 
by Q19, which is driven into conduction by 
the high voltage drop developed across R 1 1 
under output short-circuit conditions. Under 
these conditions, the collector of Q19 di- 
verts current from Q4 so as to reduce the 
base-current drive from Q17, thereby limit- 
ing current flow in Q18 to the short-cir- 
cuited load terminal. 

Bias Circuit — Quiescent current in all stages 
(except the dynamic current sink) of the 
CA3140 is dependent upon bias current 
flow in R1. The function of the bias cir- 
cuit is to establish and maintain constant- 
current flow through D1, Q6, Q8 and D2. 
D 1 is a diode-connected transistor mirror- 
connected in parallel with the base-emitter 
junctions of Q1, Q2, and Q3. D1 may be 
considered as a current-sampling diode that 
senses the emitter current of Q6 and auto- 
matically adjusts the base current of Q6 
(via Q1) to maintain a constant current 
through Q6, Q8, D2. The base-currents in 
Q2, Q3 are also determined by constant- 
current flow D1. Furthermore, current in 
diode-connected transistor D2 establishes the 
currents in transistors Q14 and Q15. 
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Fig. 4 — Open-loop voltage gain vs supply voltage 
and temperature. 



Fig.6 — Slew rate vs supply voltage andtemperature. 
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Fig.8 — Maximum output voltage swing 
vs frequency. 
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Fig. 10 — Equivalent input noise voltage 
vs frequency. 



Fig. 5 — Gain-bandwidth product vs supply voltage 
and temperature. 



Fig. 7 — Quiescent supply current vs supply voltage 
and temperature. 
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Fig. 9 — Common-mode rejection ratio 
vs frequency. 
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Fig. 11 — Power supply rejection ratio 
vs frequency. 
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APPLICATIONS CONSIDERATIONS 


Wide dynamic range of input and output 
characteristics with the most desirable high 
input-impedance characteristic is achieved in 
the CA3140 by the use of an unique design 
based upon the PMOS-Bipolar process. Input- 
common-mode voltage range and output- 
swing capabilities are complementary, allow- 
ing operation with the single supply down 
to four volts. 

The wide dynamic range of these parameters 
also means that this device is suitable for 
many single-supply applications, such as, 
for example, where one input is driven be- 
low the potential of terminal 4 and the 
phase sense of the output signal must be 
maintained — a most important considera- 
tion in comparator applications. 

OUTPUT CIRCUIT CONSIDERATIONS 

Excellent interfacing with TTL circuitry is 
easily achieved with a single 6.2-volt zener 
diode connected to terminal 8 as shown in 
Fig. 12. This connection assures that the 
maximum output signal swing will not go 
more positive than the zener voltage minus 
two base-to-emitter voltage drops within the 
CA3140. These voltages are independent 
of the operating supply voltage. 


v + 

5 TO 36V 
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Fig. 12 — Zener clamping diode connected to 
terminals 8 and 4 to limit C A3 140 
output swing to TTL levels. 

Fig. 13 shows output current-sinking capa- 
bilities of the CA3140 at various supply 
voltages. Output voltage swing to the nega- 
tive supply rail permits this device to oper- 
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Fig. 13 — Voltage across output transistors Q15 
and Q16 vs load current. 


ate both power transistors and thyristors 
directly without the need for level-shifting 
circuitry usually associated with the 741 
series of operational amplifiers. 

Fig. 16 show some typical configurations. 
Note that a series resistor, R|_, is used in both 
cases to limit the drive available to the driven 
device. Moreover, it is recommended that a 
series diode and shunt diode be used at the 
thyristor input to prevent large negative 
transient surges that can appear at the gate of 
thyristors, from damaging the integrated 
circuit. 



Fig. 14 — Typical incremental offset-voltage 
shift vs operating life. 


OFFSET-VOLTAGE NULLING 

The input-offset voltage can be nulled by 
connecting a 10-kft potentiometer between 
terminals 1 and 5 and returning its wiper arm 
to terminal' 4, see Fig.15a. This technique, 
however, gives more adjustment range than 
required and therefore, a considerable por- 
tion of the potentiometer rotation is not 
fully utilized. Typical values of series re- 
sistors that may be placed at either end of 
the potentiometer, see Fig. 15b, to optimize 
its utilization range are given in the table 
"Typical Electrical Characteristics" shown 
in this bulletin. 

An alternate system is shown in Fig. 1 5c. This 
circuit uses only one additional resistor of 
approximately the value shown in the table. 
For potentiometers, in which the resistance 
does not drop to zero ohms at either end of 
rotation, a value of resistance 10% lower 
than the values shown in the table should 
be used. 

LOW-VOLTAGE OPERATION 

Operation at total supply voltages as low as 
4 volts is possible with the CA3140. A cur- 
rent regulator based upon the PMOS thres- 
hold voltage maintains reasonable constant 
operating current and hence consistent per- 
formance down to these lower voltages. 

The low-voltage limitation occurs when the 
upper extreme of the input common-mode 
voltage range extends down to the voltage at 
terminal 4. This limit is reached at a total 
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b IMPROVED 
RESOLUTION 



6 v- 


c. SIMPLER 
IMPROVED 
RESOLUTION 


Fig. 15 — Three offset-voltage nulling methods. 
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supply voltage just below 4 volts. The out- 
put voltage range also begins to extend down 
to the negative supply rail, but is slightly 
higher than that of the input. Fig. 20 shows 
these characteristics and shows that with 
2-volt dual supplies, the lower extreme of the 
input common-mode voltage range is below 
ground potential. 



Fig. 16 — Methods of utilizing the VQgfsat) sinking- 
current capability of the CA3140 series. 


BANDWIDTH AND SLEW RATE 

For those cases where bandwidth reduction 
is desired, for example, broadband noise re- 
duction, an external capacitor connected be- 
tween terminals 1 and 8 can reduce the open- 
loop —3 dB bandwidth. The slew rate will, 
however, also be proportionally reduced by 
using this additional capacitor. Thus, a 20% 
reduction in bandwidth by this technique 
will also reduce the slew rate by about 20%. 

Fig. 17 shows the typical settling time re- 
quired to reach 1 mV or 10 mV of the final 
value for various levels of large signal in- 
puts for the voltage-follower and inverting 
unity-gain amplifiers. The exceptionally 
fast setting time characteristics are largely 
due to the high combination of high gain and 
wide bandwidth of the CA3140; as shown in 
Fig. 18. 



FOLLOWER 



INVERTING 
5 kfl 



(b) TEST CIRCUITS 


Fig. 17 — Input voltage vs settling time. 

INPUT CIRCUIT CONSIDERATIONS 

As mentioned previously, the amplifier in- 
puts can be driven below the terminal 4 
potential, but a series current-limiting re- 
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Fig. 18 - Open-loop voltage gain and phase lag 
vs frequency. 

sistor is recommended to limit the maximum 
input terminal current to less than 1 mA to 
prevent damage to the input protection 
circuitry. 

Moreover, some current-limiting resistance 
should be provided between the inverting 
input and the output when the CA3140 is 
used as a unity-gain voltage follower. This 
resistance prevents the possibility of ex- 
tremely large input-signal transients from 
forcing a signal through the input-protection 
network and directly driving the internal 
constant-current source which could result 
in positive feedback via the output terminal. 
A 3.9-k£2 resistor is sufficient. 

The typical input current is in the order of 
10 pA when the inputs are centered at nomi- 
nal device dissipation. As the output supplies 
load current, device dissipation will increase, 
raising the chip temperature and resulting in 
increased input current. Fig. 19 shows typi- 
cal input-terminal current versus ambient 
temperature for the CA3140. 

It is well known that MOS/FET devices can 
exhibit slight changes in characteristics (for 
example, small changes in input offset volt- 
age) due to the application of large differ- 
ential input voltages that are sustained over 
long periods at elevated temperatures. 

Both applied voltage and temperature ac- 
celerate these changes. The process is rever- 
sible and offset voltage shifts of the opposite 
polarity reverse the offset. Fig. 14 shows the 
typical offset voltage change as a function of 
various stress voltages at the maximum rating 
of 125°C (for TO-5); at lower temperatures 
(TO-5 and plastic), for example, at 85°C, 
this change in voltage is considerably less. 
In typical linear applications, where the 
differential voltage is small and symmetircal, 
these incremental changes are of about the 
same magnitude as those encountered in an 
operational amplifier employing a bipolar a 
transistor input stage. 

SUPER SWEEP FUNCTION GENERATOR 

A function generator having a wide tuning 
range is shown in Fig. 21. The 1,000,000/1 


Fig. 19 — Input current vs ambient 
temperature. 



Fig.20 — Output-voltage-swing capability and 
common-mode input-voltage range 
vs supply voltage and temperature. 


adjustment range is accomplished by a single 
variable potentiometer or by an auxiliary 
sweeping signal. The CA3140 functions as a 
non-inverting read-out amplifier of the tri- 
angular signal developed across the integra- 
ting capacitor network connected to the 
output of the CA3080A current source. 
Buffered triangular output signals are then 
applied to a second CA3080 functioning as 
a high-speed hysteresis switch. Output from 
the switch is returned directly back to the 
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input of the CA3080A current source, there- 
by, completing the positive feedback loop. 
The triangular output level is determined by 
the four 1N914 level-limiting diodes of the 
second CA3080 and the resistor-divider net- 
work connected to terminal No. 2 (input) of 
the CA3080. These diodes establish the in- 
put trip level to this switching stage and, 
therefore, indirectly determine the ampli- 
tude of the output triangle. 

Compensation for propagation delays around 
the entire loop is provided by one adjust- 


ment on the input of the CA3080. This 
adjustment, which provides for a constant 
generator amplitude output, is most easily 
made while the generator is sweeping. High- 
frequency ramp linearity is adjusted by the 
single 7-to-60 pF capacitor in the output of 
the CA3080A. 

It must be emphasized that only the CA- 
3080A is characterized for maximum output 
linearity in the current-generator function. 



(a) Circuit 



TOP TRACE OUTPUT AT JUNCTION OF 
2.7 ft AND 51 ft RESISTORS 
5V/DIV AND 500 ms/DIV 
CENTER TRACE ’ EXTERNAL OUTPUT OF 
TRIANGULAR FUNCTION 
GENERATOR 

2 V/DIV AND 500 ms/DIV 
BOTTOM TRACE: OUTPUT OF "LOG" 
GENERATOR 

10 V/DIV AND 500 ms/DIV 

92CS-27922 


(bl) Function generator sweeping 




(c) Interconnections 

1 V/DIV and 1 sec/DIV 
Three tone test signals, highest frequency > 
0.5 MHz. Note the slight assymmetry at the 
three-second/cycle signal. This assymmetry 
is due to slightly different positive and nega- 
tive integration from the CA3080A and from 
the pc board and component leakages at the 
100-pA level. 


(b2) Function generator with fixed frequencies 


Fig.21 — Function generator. 
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Fig. 22 — Meter driver and buffer amplifier. 


METER DRIVER AND 
BUFFER AMPLIFIER 

Fig. 22 shows the CA3140 connected as a 
meter driver and buffer amplifier. Low 
driving impedance is required of the CA- 
3080A current source to assure smooth 
operation of the Frequency Adjustment 
Control. This low-driving impedance re- 
quirement is easily met by using a CA3140 
connected as a voltage follower. More- 
over, a meter may be placed across the 
input to the CA3080A to give a logarithmic 
analog indication of the function generators 
frequency. 

Analog frequency readout is readily accom- 
plished by the means described above be- 
cause the output current of the CA3080A 
varies approximately one decade for each 
60-mV change in the applied voltage, VabC 
(voltage between terminals 5 and 4 of the 
CA3080A of the function generator). There- 
fore, six decades represent 360-mV change 

in VabC- 

Now, only the reference voltage must be 
established to set the lower limit on the 
meter. The three remaining transistors from 
the CA3086 Array used in the sweep gener- 
ator are used for this reference voltage. In 
addition, this reference generator arrange- 
ment tends to track ambient temperature 
variations, and thus compensates for the ef- 
fects of the normal negative temperature 
coefficient of the CA3080A VabC termi- 
nal voltage. 

Another output voltage from the reference 
generator is used to insure temperature 
tracking of the lower end of the Frequency 
Adjustment Potentiometer. A large series 
resistance simulates a current source, assuring 
similar temperature coefficients at both ends 
of the Frequency Adjustment Control. 


To calibrate this circuit, set the Frequency 
Adjustment Potentiometer at its low end. 
Then adjust the Minimum Frequency Calibra- 
tion Control for the lowest frequency. To 
establish the upper frequency limit, set the 
Frequency Adjustment Potentiometer to its 
upper end and then adjust the Maximum 
Frequency Calibration Control for the maxi- 
mum frequency. Because there is inter- 
action among these controls, repetition of 
the adjustment procedure may be necesary. 
Two adjustments are used for the meter. 
The meter sensitivity control sets the meter- 
scale width of each decade, while the meter 
position control adjusts the pointer on the 
scale with negligible effect on the sensitivity 
adjustment. Thus, the meter sensitivity ad- 
justment control calibrates the meter so 
that it deflects 1/6 of full scale for each de- 
cade change in frequency. 

SINE-WAVE SHAPER 

The circuit shown in Fig. 23 uses a CA3140 
as a voltage follower in combination with 
diodes from the CA3019 Array to convert 
the triangular signal from the function gen- 
erator to a sine-wave output signal having ty- 
pically less than 2% THD. The basic zero- 
crossing slope is established by the 10-kr2 
potentiometer connected between terminals 
2 and 6 of the CA3140 and the 9.1-k£2 re- 
sistor and 10-k£2 potentiometer from termi- 
nal 2 to ground. Two break points are es- 
tablished by diodes D-| through D4. Positive 
feedback via D5 and D6 establishes the zero 
slope at the maximum and minimum levels 
of the sine wave. This technique is neces- 
sary because the voltage-follower configu- 
ration approaches unity gain rather than the 
zero gain required to shape the sine wave at 
the two extremes. 
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This circuit can be adjusted most easily with 
a distortion analyzer, but a good first approxi- 
mation can be made by comparing the output 
signal with that of a sine-wave generator. The 
initial slope is adjusted with the poten- 
tiometer Ri, followed by an adjustment of 
R2. The final slope is established by ad- 
justing R3, thereby adding additional seg- 
ments that are contributed by these diodes. 
Because there is some interaction among 
these controls, repetition of the adjustment 
procedure may be necessarv 

SWEEPING GENERATOR 

Fig. 24 shows a sweeping generator. Three 
CA3140's are used in this circuit. One 
CA3140 is used as an integrator, a second 
device is used as a hysteresis switch that 
determines the starting and stopping points 
of the sweep. A third CA3140 is used as a 
logarithmic shaping network for the log 
function. Rates and slopes, as well as saw- 
tooth, triangle, and logarithmic sweeps are 
generated by this circuit. 



Fig. 23 — Sine-wave shaper. 


750 kft 
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Fig. 25 — Wideband output amplifier. 


WIDEBAND OUTPUT AMPLIFIER 

Fig. 25 shows a high-slew-rate, wideband am- 
plifier suitable for use as a 50-ohm trans- 
mission-line driver. This circuit, when used 
in conjunction with the function generator 
and sine-wave shaper circuits shown in Figs. 
21 and 23 provides 18 volts peak-to-peak 
output open-circuited, or 9 volts peak-to-peak 
output when terminated in 50 ohms. The 
slew rate required of this amplifier is 28 
volts/ /ns (18 volts peak-to-peak x 7T x 0.5 
MHz). 


POWER SUPPLIES 

High input-impedance, common-mode capa- 
bility down to the negative supply and high 
output-drive current capability are key fac- 
tors in the design of wide-range output-volt- 
age supplies that use a single input voltage 
to provide a regulated output voltage that 
can be adjusted from essentially 0 to 24 volts. 
Unlike many regulator systems using com- 
parators having a bipolar transistor-input 
stage, a high-impedance reference-voltage di- 
vider from a single supply can be used in con- 
nection with the CA3140 (see Fig. 26). 



Fig. 26 — Basic single-supply voltage regulator 

showing voltage-follower configuration. 


Essentially, the regulators, shown in Figs. 
27 and 28, are connected as non-inverting 
power operational amplifiers with a gain of 
3.2. An 8-volt reference input yields a 
maximum output voltage slightly greater 
than 25 volts. As a voltage follower, when 
the reference input goes to 0 volts the 
output will be 0 volts. Because the off- 
set voltage is also multiplied by the 3.2 
gain factor, a potentiometer is needed to 
null the offset voltage. 

Series pass transistors with high ICBO levels 
will also prevent the output voltage from 
reaching zero because there is a finite voltage 
drop (Vgjisat) across the output of the 
CA3140 (see Fig. 13). This saturation volt- 
age level may indeed set the lowest volt- 
age obtainable. 


POWER DARLINGTON 



Fig. 27 - Regulated power supply. 
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The high impedance presented by terminal 
8 is advantageous in effecting current limit- 
ing. Thus, only a small signal transistor is 
required for the current-limit sensing amp- 
lifier. Resistive decoupling is provided for 
this transistor to minimize damage to it or 
the CA3140 in the event of unusual input or 
output transients on the supply-rail. 

Figs. 27 and 28, show circuits in which a 
D2201 high-speed diode is used for the 
current sensor. This diode was chosen for its 
slightly higher forward-voltage drop charac- 
teristic thus giving greater sensitivity. It must 
be emphasized that heat sinking of this 
diode is essential to minimize variation of the 
current trip point due to internal heating of 
the diode. That is, 1 ampere at 1 volt 
forward drop represents one watt which 
can result in significant regenerative changes 
in the current trip point as the diode tem- 
perature rises. Placing the small-signal refer- 
ence amplifier in the proximity of the cur- 
rent-sensing diode also helps minimize the 
variability in the trip level due to the nega- 
tive temperature coefficient of the diode. 
In spite of those limitations, the current 
limiting point can easily be adjusted over 
the range from 10 mA to 1 ampere with a 
single adjustment potentiometer. If the 
temperature stability of the current-limiting 
system is a serious consideration, the more 
usual current-sampling resistor-type of cir- 
cuitry should be employed. 

A power Darlington transistor (in a heat 
sink TO-3 case), is used as the series-pass 
element for the conventional current-limiting 
system, Fig. 27, because high-power Dar- 
lington dissipation will be encountered at 
low output voltage and high currents. 

A small heat-sink VERSAWATT transistor is 
used as the series-pass element in the fold- 
back current system, Fig. 28, since dissi- 
pation levels will only approach 10 watts. 
In this system, the D2201 diode is used for 
current sampling. Foldback is provided by 
the 3 k£2 and 100 k£2 divider network con- 
nected to the base of the current-sensing 
transistor. 

Both regulators, Figs. 27 and 28 , provide 
better than 0.02% load regulation. Because 
there is constant loop gain at all voltage set- 
tings, the regulation also remains constant. 
Line regulation is 0.1% per volt. Hum and 
noise voltage is less than 200 ix\! as read 
with a meter having a 10-MHz bandwidth. 
Fig. 31 (a) shows the turn ON and turn OFF 
characteristics of both regulators. The slow 
turn-on rise is due to the slow rate of rise 
of the reference voltage. Fig. 29 (b) shows 
the transient response of the regulator with 
the switching of a 20-^2 load at 20 volts out- 
put. 




Fig. 28 — Regulated power supply with 
"foldback" current limiting. 


(a) 

SUPPLY TURN-ON AND TURN-OFF 
CHARACTERISTICS 
( 5 VOLTS /DIV AND -I s/DIV.) 
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(b) 


TRANSIENT RESPONSE 
TOP TRACE : OUTPUT VOLTAGE 

( 200 mV/DIV AND 5 M s/DIV) 
BOTTOM TRACE COLLECTOR OF LOAD 
SWITCHING TRANSISTOR. 
LOAD = I AMPERE 
( 5 VOLTS/DIV AND 5/as/DI V) 
92CS-Z788 I 


Fig. 29 — Waveforms of dynamic characteristics 
of power supply currents shown 
in Figs. 29 and 30. 
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FOR SINGLE SUPPLY 



Fig. 30 — Tone control circuit using CA3130 series 
(20-dB midband gain). 



Fig. 31 - Baxandall tone control circuit using 
CA3 140 series. 


TONE CONTROL CIRCUITS 

High-slew-rate, wide-bandwidth, high-output 
voltage capability and high input impedance 
are all characteristics required of tone-con- 
trol amplifiers. Two tone control circuits 
that exploit these characteristics of the 
CA3140 are shown in Figs. 30 and 31. 

The first circuit, shown in Fig. 31, is the 
Baxandall tone-control circuit which provides 
unity gain at midband and uses standard 
linear potentiometers. The high input im- 
pedance of the CA3140 makes possible the 
use of low-cost, low-value, small-size capaci- 
tors, as well as reduced load of the driving 
stage. 


Bass treble boost and cut are ± 15 dB at 
100 Hz and 10 kHz, respectively. Full 
peak-to-peak output is available up to at 
least 20 kHz due to the high slew rate of the 
CA3140. The amplifier gain is — 3 dB down 
from its "flat" position at 70 kHz. 

Fig. 30 shows another tone-control circuit 
with similar boost and cut specifications. 
The wideband gain of this circuit is equal to 
the ultimate boost or cut plus one, which in 
this case is a gain of eleven. For 20-dB 
boost and cut, the input loading of this cir- 
cuit is essentially equal to the value of the 
resistance from terminal No. 3 to ground. 
A detailed analysis of this circuit is given in 
"An 1C Operational Transconductance Amp- 
lifier (OTA) With Power Capability" by 
L, Kaplan and H. Wittlinger, IEEE Trans- 
actions on Broadcast and Television Re- 
ceivers, Vol. BTR-18, No. 3, August, 1972. 


WIEN BRIDGE OSCILLATOR 

Another application of the CA3140 that 
makes excellent use of its high input-imped- 
ance, high-slew-rate, and high-voltage quali- 
ties is the Wien Bridge sine-wave oscillator. 
A basic Wien Bridge oscillator is shown in 
Fig. 32. When R-j = R 2 = R and C-] = C 2 = C, 
the frequency equation reduces to the fa- 
miliar f = 1/2 7T RC and the gain required for 
oscillation, AqsC ' s equal to 3. Note that 
if C 2 is increased by a factor of four and R 2 
is reduced by a factor of four, the gain re- 
quired for oscillation becomes 1.5, thus per- 
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mining a potentially higher operating fre- 
quency closer to the gain-bandwidth pro- 
duct of the CA3140. 

Oscillator stabilization takes on many forms. 
It must be precisely set, otherwise the am- 
plitude will either diminish or reach some 
form of limiting with high levels of distor- 
tion. The element, R s , is commonly re- 
placed with some variable resistance element. 
Thus, through some control means, the value 
of R s is adjusted to maintain constant oscil- 
lator output. A FET channel resistance, a 
thermistor, a lamp bulb, or other device 
whose resistance is made to increase as the 
output amplitude is increased are a few of 
the elements often utilized. 


C2 R2 



Fig. 32 — Basic Wien bridge oscillator circuit 
using an operational amplifier. 


Fig. 33 shows another means of stabilizing 
the oscillator with a zener diode shunting 
the feedback resistor (Rf of Fig. 32). As 
the output signal amplitude increases, the 
zener diode impedance decreases resulting 
in more feedback with consequent reduction 
in gain; thus stabilizing the amplitude of the 
output signal. Furthermore, this combina- 
tion of a monolithic zener diode and bridge 
rectifier circuit tends to provide a zero tem- 
perature coefficient for this regulating sys- 
tem. Because this bridge rectifier system 
has no time constant, i.e., thermal time con- 
stant for the lamp bulb, and RC time con- 
stant for filters often used in detector net- 
works, there is no lower frequency limit. 
For example, with 1-/iF polycarbonate capa- 
citors and 22 M £1 for the frequency deter- 
mining network, the operating frequency is 
0.007 Hz. 

As the frequency is increased, the output 
amplitude must be reduced to prevent the 
output signal from becoming slew-rate limi- 
ted. An output frequency of 180 kHz will 
reach a slew rate of approximately 9 volts/ 
Ijls when its amplitude is 16 volts peak-to- 
peak. 


OUTPUT 



Fig. 33 — Wien bridge oscillator circuit using 
C A3 140 series. 


SIMPLE SAMPLE-AND-HOLD SYSTEM 

Fig. 34 shows a very simple sample-and-hold 
system using the CA3140 as the readout 
amplifier for the storage capacitor. The 
CA3080A serves as both input buffer amp- 
lifier and low feed-through transmission 
switch.* System offset nulling is accom- 



Fig. 34 — Sample - and hold circuit. 


plished with the CA3140 via its offset 
nulling terminals. A typical simulated load 
of 2 k£2 and 30 pF is shown in the schematic. 

In this circuit, the storage compensation 
capacitance (C^ ) is only 200 pF. Larger 
value capacitors provide longer "hold" periods 
but with slower slew rates. The slew rate 
dv i 

— =— = 0.5 mA/200 pF = 2.5 V/jLis. 
dt c 

I CAN -6668 "Applications of the CA3080 
and CA3080A High-Performance Oper- 
ational Transconductance Amplifiers". 
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Pulse "droop" during the hold interval is 
170 pA/200 pF which is = 0.85 juV/jUs; 
(i.e., 170 pA/200 pF). In this case, 170 pA 
represents the typical leakage current of 
the CA3080A when strobed off. If C-j were 
increased to 2000 pF, the "hold-droop" rate 
will decrease to 0.085 /iV//is, but the slew rate 
would decrease to 0.25 V//is. The parallel 
diode network connected between terminal 



TOP TRACE ■ OUTPUT 

( 50 mV/DIV AND 200ns/DIV.) 

BOTTOM TRACE INPUT 

(50 mV/DIV AND 200ns/DIV. ) 

92CS- 27083 



LARGE-SIGNAL RESPONSE AND 
SETTLING TIME 
TOP TRACE ' OUTPUT SIGNAL 

( 5 V/DIV AND 2/is/DIV.) 

BOTTOM TRACE INPUT SIGNAL 

( 5V/DIV AND 2 jxs/DIV ) 

CENTER TRACE DIFFERENCE OF INPUT AND OUTPUT 
SIGNALS THROUGH TEKTRONIX 
AMPLIFIER 7AI3 

(5mV/DIV ANO 2^s/DIV.) 92CS-27884 



SAMPLING RESPONSE 
TOP TRACE: SYSTEM OUTPUT 

(100 mV/DIV AND 500 ns/DIV-) 

BOTTOM TRACE • SAMPLING SIGNAL 

(20 V/DIV AND 500 ns/DIV.) 

92CS-27885 

Fig. 35 - Sample- and hold system dynamic 
characteristics waveforms. 


3 of the CA3080A and terminal 6 of the 
CA3140 prevents large input-signal feed- 
through across the input terminals of the 
CA3080A to the 200 pF storage capacitor 
when the CA3080A is strobed off. Fig. 35 
shows dynamic characteristic waveforms of 
this sample-and-hold system. 


CURRENT AMPLIFIER 


The low input-terminal current needed to 
drive the CA3140 makes it ideal for use in 
current-amplifier applications such as the one 
shown in Fig. 36.° In this circuit, low cur- 
rent is supplied at the input potential as the 
power supply to load resistor R|_. This load 
current is increased by the multiplication 
factor R2/R1, when the load current is 
monitored by the power supply meter M. 
Thus, if the load current is 100 nA, with 
values shown, the load current presented 
to the supply will be 100 /iA; a much easier 
current to measure in many systems. 


Note that the input and output voltages are 
transferred at the same potential and only 
the output current is multiplied by the 
scale factor. 


The dotted components show a method of 
decoupling the circuit from the effects of 
high output-load capacitance and the poten- 
tial oscillation in this situation. Essentially, 
the necessary high-frequency feedback is 
provided by the capacitor with the dotted 
series resistor providing load decoupling. 



Fig. 36 — Basic current amplifier for low-current 
measurement systems. 


Fig. 37 shows a single-supply, absolute-value, 
ideal full-wave rectifier with associated wave- 
forms. During positive excursions, the input 
signal is fed through the feedback network 
directly to the output. Simultaneously, the 
positive excursion of the input signal also 
drives the output terminal (No. 6) of the in- 
verting amplifier in a negative-going excur- 
sion such that the 1N914 diode effectively 
disconnects the amplifier from the signal 
path. During a negative-going excursion of 
the input signal, the CA3140 functions as a 
normal inverting amplifier with a gain equal 
to — R2/R1. When the equality of the two 
equations shown in Fig. 37 is satisfied, the 
full-wave output is symmetrical. 


° "Operational Amplifiers Design and Ap- 
plications", J. G. Graeme, McGraw-Hill 
Book Company, page 308 — "Negative 
Immittance Converter Circuits". 
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(50 mV/OIV AND 200 ns/DI V) TRACE - OUTPUT SIGNAL 

BOTTOM TRACE: INPUT (5 V/DIV- AND 5^s/DIV.) 

(50 mV/DIV AND 200ns/DIV) CENTER TRACE : DIFFERENCE SIGNAL 

(a) SMALL- SIGNAL RESPONSE (5m V/DIV- AND 5/ts/DIV.) 

(50 mV/DIV AND 200ns/DIV) 92CS ’ 27879 BOTTOM TRACE • INPUT SIGNAL 

(5 V/DIV. AND 5 M s/DIV) 
lb) INPUT- OUTPUT DIFFERENCE SIGNAL 

SHOWING SETTLING TIME (MEASUREMENT 
MADE WITH TEKTRONIX 7AI3 DIFFERENTIAL 
AMPLIFIER) 92CS-278 

Fig. 38 - Split-supply voltage-follower test circuit and associated waveforms. 
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4-I5V 



Fig. 39 — Test circuit amplifier (30-dB gain) used 
for wideband noise measurement. 



Dimensions and pad layout for CA3140H. 


The photographs and dimensions represent 
a chip when it is part of the wafer. When the 
wafer is cut into chips, the cleavage angles 
are 57° instead of 90° with respect to the 
face of the chip. Therefore, the isolated 
chip is actually 7 mils (0. 1 7 mm) larger 
in both dimensions. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch). 
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CA3160A 

CA3160 

BiMOS Operational Amplifiers 
with MOSFET Input/CMOS Output 


Features 

• MOSFET Input Stage Provides: 

► Very High Z| = 1.5TO (1.5 x 1()12ft) (Typ.) 

► Very Low l| = 5pA Typ. @ 15V Operation 

= 2pA Typ. @ 5V Operation 

• Common-Mode Input Voltage Range Includes 
Negative Supply Rail; Input Terminals Can Be 
Swung 0.5V Below Negative Supply Rail 

• CMOS Output Stage Permits Signal Swing to Either 
(or Both) Supply Rails 

Applications 

• Ground Referenced Single Supply Amplifiers 

• Fast Sample Hold Amplifiers 

• Long Duration Timers/Monostables 

• High Input Impedance Wideband Amplifiers 

• Voltage Followers (e.g. Follower for Single Supply 
D/A Converter) 

• Wien-Bridge Oscillators 

• Voltage Controlled Oscillators 

• Photo Diode Sensor Amplifiers 


Description 

The CA3160A and CA3160 are integrated circuit 
operational amplifiers that combine the advantage of both 
CMOS and bipolar transistors on a monolithic chip. The 
CA31 60 series are frequency compensated versions of the 
popular CA3130 series. 

Gate- protected p-channel MOSFET (PMOS) transistors 
are used in the input circuit to provide very high input 
impedance, very low input current, and exceptional speed 
performance. The use of PMOS field effect transistors in the 
input stage results in common-mode input voltage 
capability down to 0.5 volt below the negative-supply 
terminal, an important attribute in single-supply 
applications. 

A complementary symmetry MOS (CMOS) transistor-pair, 
capable of swinging the output voltage to within 10 
millivolts of either supply voltage terminal (at very high 
values of load impedance), is employed as the output 
circuit. 

The CA3160 Series circuits operate at supply voltages 
ranging from 5 to 1 6 volts, or ±2.5 to ±8 volts when using 
split supplies, and have terminals for adjustment of offset 
voltage for applications requiring offset null capability. 
Terminal provisions are also made to permit strobing of the 
output stage. 

The CA3160 Series is supplied in standard 8-lead TO-5 
style packages (T suffix), 8-lead dual-in-line formed lead 
TO-5 style "DIL-CAN” packages (S suffix). The CA31 60 is 
available in chip form (H suffix). The CA3160 and CA3160A 
are also available in the Mini-DIP 8-lead dual-in-line plastic 
package (Mini-DIP-E suffix). All types operate over the full 
military temperature range of -55QC to +125°C. The 
CA31 60A offers superior input characteristics over those of 
the CA3160. 


Pinouts 


S AND T SUFFIXES 
TOP VIEW 


SUPPLEMENTARY 

COMPENSATION-, 


TAB ^ STROBE 


"cm?. 


NON - INV\3* 
INPUT 


( 5 ) OFFSET 
NULL 


V ' AND CASE 


OFFSET _ 
NULL h 


NON - INV. 
INPUT 


E SUFFIX 
TOP VIEW 



81 STROBE 


5 ] OFFSET 
— 1 NULL 


NOTE: CA3160 Series devices have an on-chip frequency-compensation 
network. Supplementary phase-compensation or frequency roll-off 
(if desired) can be connected externally between terminals 1 and 8. 

FIGURE 1. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 976.1 
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ELECTRICAL CHARACTERISTICS at T A =25°C, V + =15 V, V“ = 0 V (Unless otherwise specified) 


CHARACTERISTIC 

LIMITS | 

Units 

CA3160A (T, S, E) 

CA3160 (T, S, E) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Input Offset Voltage, 
|V 10 | . V±=±7.5 V 

- 

2 

5 

- 

6 

15 

mV 

Input Offset Current, 

I'ioI- V±=±7 ' 5V 

- 

0.5 

20 

- 

0.5 

30 

pA 

Input Current, 1 1 
VW7.5 V 

- 

5 

30 

- 

5 

50 

PA 

Large-Signal Voltage 
Gain, Aq|_ 

Vq= 10V p . p . R L =2kn 

50 k 

320 k 

- 

50 k 

320 k 

- 

V/V 

94 

110 

- 

94 

110 

- 

dB 

Common-Mode 

Rejection Ratio, CMRR 

80 

95 

- 

70 

90 

- 

dB 

Common-Mode Input- 
Voltage Range, Vjqr 

0 

-0.5 

to 

12 

10 

0 

-0.5 

to 

12 

10 

V 

Power-Supply Rejection 
Ratio, AViq/AV 4 
V ± =±7.5 V 

- 

32 

150 

- 

32 

320 

juV/V 

Maximum Output 
Voltage: 

At R 1 P° ^OM 

12 

13.3 


12 

13.3 


V 

v OM 

- 

0.002 

0.01 

- 

0.002 

0.01 

At R - — 00 ^OM 

14.99 

15 

- 

14.99 

_15^ 

- 

At M L VI — 

v OM 

- 

0 

0.01 

- 

0 

0.01 

Maximum Output 
Current: 

Iqm + (Source) @ 
v 0 = 0 V 

12 

22 

45 

12 

22 

45 

mA 

l 0M ~ (Sink) @ 

V 0 - 15 V 

12 

20 

45 

12 

20 

45 

Supply Current, l + : 
V 0 = 7-5 V,R L = 00 

- 

10 

15 

- 

10 

15 

mA 

v 0 = 0 V, r l = 

- 

2 

3 

- 

2 

3 

Input Offset Voltage 
Temp. Drift, 

A V |q/AT 

- 

6 

- 

- 

8 

- 

JLlV/°C 
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TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE 


CHARACTERISTIC 

TEST 

CONDITIONS 

C A3 160/ 
CA3160A 
(T, S, E) 

UNITS 

V + = +7.5 V 
V“ = -7.5 V 
T a = 25° C 
(Unless Other- 
wise Specified) 

Input Offset Voltage 
Adjustment Range 

10 kf2 across 
Terms. 4 and 5 

or 4 and 1 

±22 

mV 

Input Resistance, R| 


1.5 

TO 

Input Capacitance, Cj 


4.3 

pF 

Equivalent Input Noise 
Voltage, e n 

WSM 


mm 

mi 

Equivalent Input Noise 
Voltage, e n 

BMt 

Bi 



Unity Gain Crossover 

Frequency, f j 



IH 

Slew Rate, SR: 


10 

■29 

Transient Response: 

Rise Time, t r 

C L = 25 pF 

R L = 2 kS2 

(Voltage 

Follower) 


IB 

Overshoot 



Settling Time (4 V p . p 

Input to <0.1%) 

1.8 

D 


CHARACTERISTIC 

TEST 

CONDITIONS 

CA3160A 
(T, S, E) 


UNITS 

V + = 5 V 

v- = 0 V, 

T a = 25°C 
(Unless Other- 
wise Specified) 

Input Offset Voltage, Vjq 


2 

6 

mV 

Input Offset Current, I|q 



0.1 

pA 

Input Current, l| 


2 

2 

PA 

Common-Mode Rejection 
Ratio, CMRR 


90 

80 

dB 

Large-Signal Voltage 

Gain, Aq|_ 



100 k 

V/V 


100 

dB 

Common-Mode Input 
Voltage Range, Vjqr 




V 

Supply Current, l + 

■ 1 

300 

300 

ma 

KS99I 

500 

no 

Power Supply Rejection 
Ratio, AV, 0 /AV + 


200 

200 

mv/v 
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MAXIMUM RATINGS, Absolute-Maximum Values 


DC SUPPLY VOLTAGE 

(Between V + and V Terminals) 16 V 

DIFFERENTIAL-MODE 

INPUT VOLTAGE ±8 V 

COMMON-MODE DC 

INPUT VOLTAGE. . . (V + +8 V) to (V” -0.5 V) 

INPUT-TERMINAL CURRENT 1mA 

DEVICE DISSIPATION: 

WITHOUT HEAT SINK - 

UP TO 55°C 630 mW 

ABOVE 55°C .... Derate linearly 6.67 mW/°C 
WITH HEATSINK - 

UP TO 90° C 1 W 


ABOVE 90° C ' • - • Derate linearly 16.7 mW/°C 


TEMPERATURE RANGE: 

OPER ATI NG (All Types) -55 to +1 25°C 

STORAGE (All Types) -65to+150°C 

OUTPUT SHORT-CIRCUIT 

DURATION* INDEFINITE 

LEAD TEMPERATURE 
(DURING SOLDERING): 


AT DISTANCE 1/16 ± 1/32 INCH 

(1.59 ±0.79 MM) FROM CASE 

FOR 10 SECONDS M AX +265°C 

*Short circuit may be applied to ground or to either 
supply. 



92CM-28536 



Fig. 2 — Schematic diagram of the CA3160 Series. 


CIRCUIT DESCRIPTION 

Fig. 3 is a block diagram of the CA3160 
series CMOS Operational Amplifiers. The 
input terminals may be operated down to 
0.5 V below the negative supply rail, and 
the output can be swung very close to 
either supply rail in many applications. Con- 
sequently , the CA31 60 series circuits are ideal 
for single-supply operation. Three class A 
amplifier stages, having the individual gain 
capability and current consumption shown 
in Fig. 3, provide the total gain of the CA31 60. 
A biasing circuit provides two potentials for 
common use in the first and second stages. 
Terminals 8 and 1 can be used to supplement 
the internal phase compensation network if 


additional phase compensation or frequency 
roll-off is desired. Terminals 8 and 4 can also 
be used to strobe the output stage into a low 
quiescent current state. When Terminal 8 is 
tied to the negative supply rail (Terminal 4) 
by mechanical or electrical means, the out- 
put potential at Terminal 6 essentially rises 
to the positive supply-rail potential at Ter- 
minal 7. This condition of essentially zero 
current drain in the output stage under the 
strobed "OFF" condition can only be a- 
chieved when the ohmic load resistance pre- 
sented to the amplifier is very high (e.g., 
when the amplifier output is used to drive 
CMOS digital circuits in comparator appli- 
cations). 
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Input Stages — The circuit of the CA3160 is 
shown in Fig. 2. It consists of a differential- 
input stage using PMOS field-effect tran- 
sistors (Q6, Q7) working into a mirror-pair 
of bipolar transistors (Q9, Q10) functioning 
as load resistors together with resistors R3 
through R6. The mirror-pair transistors also 
function as a differential-to-single-ended con- 
verter to provide base drive to the second- 
stage bipolar transistor (Q1 1). Offset nulling, 
when desired, can be effected by connecting 
a 100,000-ohm potentiometer across Terms. 
1 and 5 and the potentiometer slider arm to 
Term. 4. Cascode-connected PMOS tran- 
sistors Q2, Q4, are the constant-current source 
for the input stage. The biasing circuit for the 
constant-current source is subsequently de- 
scribed. The small diodes D5 through D7 
provide gate-oxide protection against high- 
voltage transients, e.g., including static elec- 
tricity during handling for Q6 and Q7. 
Second-Stage — Most of the voltage gain in 
the CA3160 is provided by the second am- 
plifier stage, consisting of bipolar transistor 
Q1 1 and its cascode-connected load resistance 
provided by PMOS transistors Q3 and Q5. 
The source of bias potentials for these PMOS 
transistors is described later. Miller Effect 
compensation (roll off) is accomplished by 
means of the 30-pF capacitor and 2-k£2 
resistor connected between the base and 
collector of transistor Q11. These internal 
components provide sufficient compensation 
for unity gain operation in most applications. 
However, additional compensation, if desired, 
may be used between Terminals 1 and 8. 
Bias-Source Circuit — At total supply volt- 
ages, somewhat above 8.3 volts, resistor R2 
and zener diode Z1 serve to establish a volt- 
age of 8.3 volts across the series-connected 
circuit, consisting of resistor R1, diodes D1 
through D4, and PMOS transistor Q1. A 
tap at the junction of resistor R1 and diode 
D4 provides a gate-bias potential of about 
4.5 volts for PMOS transistors Q4 and Q5 
with respect to Terminal 7. A potential of 


about 2.2 volts is developed across diode- 
connected PMOS transistor Q1 with respect 
to Terminal 7 to provide gate bias for PMOS 
transistors Q2 and Q3. It should be noted 
that Q1 is "mirror-connected"t to both Q2 
and Q3. Since transistors Q1, Q2, Q3 are 
designed to be identical, the approximately 
200-microampere current in Q1 establishes 
a similar current in Q2 and Q3 as constant- 
current sources for both the first and sec- 
ond amplifier stages, respectively. 

At total supply voltages somewhat less than 
8.3 volts, zener diode Z1 becomes non- 
conductive and the potential, developed 
across series-connected R1, D1-D4, and Q1, 
varies directly with variations in supply 
voltage. Consequently, the gate bias for 
Q4, Q5 and Q2, Q3 varies in accordance 
with supply-voltage variations. This varia- 
tion results in deterioration of the power- 
supply-rejection ratio (PSRR) at total supply 
voltages below 8.3 volts. Operation at 
total supply voltages below about 4.5 volts 
results in seriously degraded performance. 

Output Stage — The output stage consists of 
a drain-loaded inverting amplifier using COS/ 
MOS transistors operating in the Class A 
mode. When operating into very high re- 
sistance loads, the output can be swung 
within millivolts of either supply rail. Be- 
cause the output stage is a drain-loaded 
amplifier, its gain is dependent upon the 
load impedance. The transfer character- 
istics of the output stage for a load re- 
turned to the negative supply rail are shown 
in Fig. 6. Typical op-amp loads are readily 
driven by the output stage. Because large- 
signal excursions are non-linear, requiring 
feedback for good waveform reproduction, 
transient delays may be encountered. As a 
voltage follower, the amplifier can achieve 
0.01 per cent accuracy levels, including the 
negative supply rail. 

t For general information on the characteristics 
CMOS transistor-pairs in linear-circuit appli- 
cations, see File No. 619, data bulletin on 


CA3600E “CMOS Transistor Array”. 



NULL 


TOTAL SUPPLY VOLTAGE (FOR INDICATED VOLTAGE GAINS) = 15 V 

* WITH INPUT TERMINALS BIASED SO THAT TERM 6 POTENTIAL 
IS +75 V ABOVE TERM 4 

* WITH OUTPUT TERMINAL DRIVEN TO EITHER SUPPLY RAIL 

Fig. 3 — Block diagram of the CA3160 Series. 
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vs. frequency. 



92CS-24718 


Fig. 6 — Voltage transfer characteristics of 
COS/MOS output stage. 



TOTAL SUPPLY VOLTAGE (V+) -V 

92CS-24720 


Fig. 8 — Quiescent supply current vs. supply voltage 
at several temperatures. 



92CS-24722 

Fig. 10 - Voltage across NMOS output transistor 
( Q12 ) vs. load current. 



Fig.5 — Open-loop gain vs. temperature. 



Fig.7 — Quiescent supply current vs. supply voltage. 



MAGNITUDE OF LOAD CURRENT t I L ) — mA 

92CS-2472I 


Fig. 9 — Voltage across PMOS output transistor 
(Q8) vs. load current. 



Fig. 11 — Equivalent noise voltage i/s. frequency. 
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Offset Nulling 

Offset-voltage nulling is usually accomplished 
with a 100,000-ohm potentiometer con- 
nected across Terminals 1 and 5 and with the 
potentiometer slider arm connected to Term- 
inal 4. A fine offset-null adjustment usually 
can be effected with the slider arm positioned 
in the mid-point of the potentiometer's total 
range. 

Input Current Variation with Common- 
Mode Input Voltage 

As shown in the Table of Electrical Charac- 
teristics, the input current for the CA3160 
Series Op-Amps is typically 5 pA at Ta= 25°C 
when Terminals 2 and 3 are at a common- 
mode potential of +7.5 volts with respect to 
negative supply Terminal 4. Fig. 12 contains 



Fig. 12 — Input current vs. common-mode voltage. 


data showing the variation of input current 
as a function of common-mode input voltage 
at Ta= 25°C. These data show that circuit 
designers can advantageously exploit these 
characteristics to design circuits which typi- 
cally require an input current of less than 1 
pA, provided the common-mode input volt- 
age does not exceed 2 volts. As previously 
noted, the input current is essentially the 
result of the leakage current through the 
gate-protection diodes in the input circuit 
and, therefore, a function of the applied 
voltage. Although the finite resistance of the 
glass terminal-to-case insulator of the TO-5 
package also contributes an increment of 
leakage current, there are useful compensa- 
ting factors. Because the gate-protection net- 
work functions as if it is connected to 
Terminal 4 potential, and the TO-5 case of 
the CA3160 is also internally tied to Term- 
inal 4, input terminal 3 is essentially "guarded” 
from spurious leakage currents. 

Input-Current Variation with Temperature 

The input current of the CA3160 Series cir- 
cuits is typically 5 pA at 25°C. The major 
portion of this input current is due to leakage 
current through the gate-protective diodes in 
the input circuit. As with any semiconductor- 
junction device, including op amps with a 
junction-FET input stage, the leakage cur- 
rent approximately doubles for every 10°C 
increase in temperature. Fig. 1 3 provides data 


on the typical variation of input bias current 
as a function of temperature in the CA3160. 





Fig. 13 — Input current vs. ambient temperature. 

In applications requiring the lowest practical 
input current and incremental increases in 
current because of "warm-up" effects, it is 
suggested that an appropriate heat sink be 
used with the CA3160. In addition, when 
"sinking" or "sourcing" significant output 
current the chip temperature increases, causing 
an increase in the input current. In such 
cases, heat-sinking can also very markedly 
reduce and stabilize input current variations. 

Input-Offset-Voltage (Vjq) Variation with 
DC Bias vs. Device Operating Life 

It is well known that the characteristics of a 
MOS/FET device can change slightly when a 
dc gate-source bias potential is applied to the 
device for extended time periods. The magni- 
tude of the change is increased at high temp- 
eratures. Users of the CA3160 should be alert 
to the possible impacts of this effect if the 
application of the device involves extended 
operation at high temperatures with a signi- 
ficant differential dc bias voltage applied 
across Terminals 2 and 3. Fig. 14 shows typi- 
cal data pertinent to shifts in offset voltage 
encountered with CA3160 devices in TO-5 
packages during life testing. At lower temper- 
atures (TO-5 and plastic) for example at 
85°C, this change in voltage is consider- 
ably less. In typical linear applications where 
the differential voltage is small and sym- 
metrical, these incremental changes are of 
about the same magnitude as those en- 



Fig. 14 — Typical incremental offset-voltage shift 
vs. operating life. 
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countered in an operational amplifier em- 
ploying a bipolar transistor input stage. The 
two-volt dc differential voltage example 
represents conditions when the amplifier out- 
put state is "toggled", e.g., as in comparator 
applications. 

Power-Supply Considerations 
Because the CA3160 is very useful in single- 
supply applications, it is pertinent to review 
some considerations relating to power-supply 
current consumption under both single- and 
dual-supply service. Figs. 15(a) and 15(b) 
show the CA3160 connected for both dual- 
and single-supply operation. 

-r* 

“|” POSITIVE 



% 


(a) DUAL POWER-SUPPLY OPERATION 

-f~i 

~Y POSITIVE 



Fig. 15 — CA3160 output stage in dual and 
single power-supply operation. 


Dual-supply operation: When the output 
voltage at Terminal 6 is zero-volts, the cur- 
rents supplied by the two power supplies are 
equal. When the gate terminals of Q8 and 
Q12 are driven increasingly positive with 
respect to ground, current flow through Q12 
(from the negative supply) to the load is in- 
creased and current flow through Q8 (from 
the positive supply) decreases correspond- 
ingly. When the gate terminals of Q8 and 
Q12 are driven increasingly negative with 
respect to ground, current flow through Q8 
is increased and current flow through Q12 is 
decreased accordingly. 

Single-supply operation: Initially, let it be 
assumed that the value of Rl is very high 
(or disconnected), and that the input-terminal 
bias (Terminals 2 and 3) is such that the out- 
put terminal (No. 6) voltage is at V + /2, i.e., 
the voltage-drops across Q8 and Q1 2 are of 
equal magnitude. Fig. 7 shows typical quies- 
cent supply-current vs. supply-voltage for the 
CA3160 operated under these conditions. 


Since the output stage is operating as a Class 
A amplifier, the supply-current will remain 
constant under dynamic operating conditions 
as long as the transistors are operated in the 
linear portion of their voltage-transfer charac- 
teristics (see Fig. 6). If either Q8 or Q12are 
swung out of their linear regions toward cut- 
off (a non-linear region), there will be a cor- 
responding reduction in supply-current. In 
the extreme case, e.g., with Terminal 8 swung 
down to ground potential (or tied to ground), 
NMOS transistor Q12 is completely cut off 
and the supply-current to series-connected 
transistors Q8, Q12 goes essentially to zero. 
The two preceding stages in the CA3160, 
however, continue to draw modest supply- 
current (see the lower curve in Fig. 7) even 
though the output stage is strobed off. Fig. 
15(a) shows a dual-supply arrangement for 
the output stage that can also be strobed off, 
assuming R(_ =00 » by pulling the potential of 
Terminal 8 down to that of Terminal 4. 

Let it now be assumed that a load-resistance 
of nominal value (e.g., 2 kilohms) is con- 
nected between Terminal 6 and ground in 
the circuit of Fig. 15(b). Let it further be 
assumed again that the input-terminal bias 
(Terminals 2 and 3) is such that the output 
terminal (No. 6) voltage is a V + /2. Since 
PMOS transistor Q8 must now supply quies- 
cent current to both R[_and transistor Q12, 
it should be apparent that under these condi- 
tions the supply-current must increase as an 
inverse function of the Rl magnitude. Fig. 9 
shows the voltage-drop across PMOS tran- 
sistor Q8 as a function of load current at 
several supply voltages. Fig. 6 shows the 
voltage-transfer characteristics of the output 
stage for several values of load resistance. 

Wideband Noise 

From the standpoint of low-noise perform- 
ance considerations, the use of the CA3160 
is most advantageous in applications where 
in the source resistance of the input signal is 
in the order of 1 megohm or more. In this 
case, the total input-referred noise voltage 
is typically only 40 juV when the test-circuit 
amplifier of Fig. 16 is operated at a total 
supply voltage of 15 volts. This value of 

+75 v 



Fig. 16 — Test-circuit amplifier (30-dB gain) used 
for wideband noise measurements. 
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total input-referred noise remains essentially 
constant, even though the value of source 
resistance is raised by an order of magnitude. 
This characteristic is due to the fact that 
reactance of the input capacitance becomes a 
significant factor in shunting the source 
resistance. It should be noted, however, that 
for values of source resistance very much 
greater than 1 megohm, the total noise 
voltage generated can be dominated by the 
thermal noise contributions of both the 
feedback and source resistors. 


(b) Small Signal Response 
Top Trace: Output 
Bottom Trace: Input 




Fig. 17 — Split-supply voltage follower with associated waveforms. 


BW ( - 3 dB) = 4 MHz 
SR = 10 V/fis 


■nr 

OI/xF 

(a) 
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(cl Input-Output Difference Signal Showing 
Settling Time 
Top Trace: Output Signal 
Center Trace: Difference Signal 5 mV/div 
Bottom Trace: Input Signal 


TYPICAL APPLICATIONS 
Voltage Followers 

Operational amplifiers with very high input 
resistances, like the CA3160, are particularly 
suited to service as voltage followers. Fig. 17 
shows the circuit of a classical voltage 
follower, together with pertinent waveforms 
using the CA3160 in a split-supply config- 
uration. 

A voltage follower, operated from a single- 
supply, is shown in Fig. 18 together with 
related waveforms. This follower circuit is 
linear over a wide dynamic range, as illus- 
trated by the reproduction of the output 
waveform in Fig. 18b with input-signal ramp- 
ing. The waveforms in Fig. 18c show that 
the follower does not lose its input-to- 
output phase-sense, even though the input is 
being swung 7.5 volts below ground poten- 
tial. This unique characteristic is an important 
attribute in both operational amplifier and 
comparator applications. Fig. 18c also shows 
the manner in which the COS/MOS output 
stage permits the output signal to swing down 


to the negative supply-rail potential (i.e., 
ground in the case shown). The digital-to- 
analog converter (DAC) circuit, described in 
the following section, illustrates the practical 
use of the CA3160 in a single-supply voltage- 
follower application. 

9-Bit CMOS DAC 

A typical circuit of a 9-bit Digital-to-Analog 
Converter (DAC)* is shown in Fig. 19. This 
system combines the concepts of multiple- 
switch CMOS IC’s, a low-cost ladder net- 
work of discrete metal-oxide-film resistors, 
a CA3160 op amp connected as a follower, 
and an inexpensive monolithic regulator in 
a simple single power-supply arrangement. 
An additional feature of the DAC is that it is 
readily interfaced with CMOS input logic, 
e.g., 10-volt logic levels are used in the 
circuit of Fig. 19. 


* "Digital-to-Analog Conversion Using the Harris 
CD4007A COS/MOS 1C", Application Note ICAN-6080. 
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Fig. 18 — Single-supply voltage-follower with associated 
waveforms, (e.g., for use in single-supply D/A 
converter; see Fig. 9 in ICAN-6080.) 


92CS-2858 1 R 1 

(c) Output-Waveform with Ground-Reference 
Sine-Wave Input 
Top Trace: Output 
Bottom Trace: Input 



Fig. 19 — 9-bit DAC using CMOS digital switches and CA3160. 



3-131 


OPERATIONAL 

AMPLIFIERS 





CA3160A, CA3160 


The circuit uses an R/2R voltage-ladder net- 
work, with the output-potential obtained 
directly by terminating the ladder arms at 
either the positive or the negative power- 
supply terminal. Each CD4007A contains 
three "inverters", each "inverter" function- 
ing as a single-pole double-throw switch to 
terminate an arm of the R/2R network at 
either the positive or negative power-supply 
terminal. The resistor ladder is an assembly 
of one per cent tolerance metal-oxide film 
resistors. The five arms requiring the highest 
accuracy are assembled with series and para- 
llel combinations of 806,000-ohm resistors 
from the same manufacturing lot. 

A single 15-volt supply provides a positive 
bus for the CA3160 follower amplifier and 
feeds the CA3085 voltage regulator. A 
"scale-adjust" function is provided by the 
regulator output control, set to a nominal 
10-volt level in this system. The line-voltage 
regulation (approximately 0.2%) permits a 
9-bit accuracy to be maintained with varia- 
tions of several volts in the supply. The 


flexibility afforded by the COS/MOS building 
blocks simplifies the design of DAC systems 
tailored to particular needs. 

Error-Amplifier in Regulated Power Supplies 

The CA3160 is an ideal choice for error- 
amplifier service in regulated power supplies 
since it can function as an error-amplifier 
when the regulated output voltage is re- 
quired to approach zero. 

The circuit shown in Fig. 20 uses a CA3160 
as an error amplifier in a continuously ad- 
justable 1 -ampere power supply. One of the 
key features of this circuit is its ability to 
regulate down to the vicinity of zero volts 
with only one dc power supply input. 

An RC network, connected between the base 
of the output drive transistor and the input 
voltage, prevents "turn-on overshoot", a 
condition typical of many operational-ampli- 
fier regulator circuits. As the amplifier be- 
comes operational, this RC network ceases 
to have any influence on the regulator per- 
formance. 



Fig.20 — Voltage regulator circuit ( 0 . 1 to 35 V at 1 A). 
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Precision Voltage-Controlled Oscillator 

The circuit diagram of a precision voltage- 
controlled oscillator is shown in Fig. 21. The 
oscillator operates with a tracking error in the 
order of 0.02 percent and a temperature co- 
efficient of 0.01%/°C. A multivibrator 
(A^) generates pulses of constant amplitude 
(V) and width (T 2) - Since the output 
(terminal 6) of A-| (a CA3130) can swing 
within about 10 millivolts of either supply- 
rail, the output pulse amplitude (V) is 
essentially equal to V+. The average output 
voltage (E av/g = V T2/T1) is applied to the 
non-inverting input terminal of comparator 
A2 via an integrating network R3, C2. 
Comparator A2 operates to establish circuit 
conditions such that Eavg = VI. This circuit 
condition is accomplished by feeding an out- 
put signal from terminal 6 of A2 through R4, 
D4 to the inverting terminal (terminal 2) 


of Ai, thereby adjusting the multivibrator 
interval, T3. 

Voltmeter With High Input Resistance 

The voltmeter circuit shown in Fig. 22 il- 
lustrates an application in which a number 
of the CA3160 characteristics are exploited. 
Range-switch SW1 is ganged between input 
and output circuitry to permit selection of 
the proper output voltage for feedback to 
Terminal 2 via 10 KH current-limiting re- 
sistor. The circuit is powered by a single 
8.4-volt mercury battery. With zero input 
signal, the circuit consumes somewhat less 
than 500 microamperes plus the meter cur- 
rent required to indicate a given voltage. 
Thus, at full-scale input, the total supply 
current rises to slightly more than 1500 
microamperes. 



Fig.21 — Voltage-controlled oscillator. 



BATTERY 
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Function Generator 

A function generator having a wide tuning 
range is shown in Fig. 23. The adjustment 
range, in excess of 1,000,000/1, is accom- 
plished by a single potentiometer. Three 
operational amplifiers are utilized : a CA31 60 
as a voltage follower, a CA3080 as a high- 
speed comparator, and a second CA3080A 


as a programmable current source. Three 
variable capacitors Cl, C2, and C3 shape 
the triangular signal between 500 kHz and 
1 MHz. Capacitors C4, C5, and the trimmer 
potentiometer in series with C5 maintain 
essentially constant (±10%) amplitude up 
to 1 MHz. 


20 pF 



9ZCM- 28586RI 


Fig. 23(a) — 1,000,000/1 single-control function 
generator — 1 MHz to 1 Hz. 



(b) — Two-tone output signal from the function 
generator. A square-wave signal modulates 
the external sweeping input to produce 
1 Hz and 1 MHz, showing the 1 ,000,000/1 
frequency range of the function generator. 



92CS-28588 


(c) — Triple-trace of the function generator 
sweeping to 1 MHz. The bottom trace 
is the sweeping signal and the top trace 
is the actual generator output. The 
center trace displays the 1 MHz signal 
via delayed oscilloscope triggering of 
the upper swept output signal. 
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Staircase Generator 

Fig. 24 shows a staircase generator circuit 
utilizing three CMOS operational amplifiers. 
Two CA3130’s are used; one as a multi- 
vibrator, the other as a hysteresis switch. 
The third amplifier, a CA3160, is used as a 
linear staircase generator. 



92CM-28587RI 
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(b) — Staircase Generator Waveform 
Top Trace: Staircase Output 
2 Volt Steps 

Center Trace: Comparator 

Picoammeter Circuit Bottom Trace: Oscillator 


Fig. 25 is a current-to-voltage converter con- 
figuration utilizing a CA3160 and CA3140 
to provide a picoampere meter for ±3 pA full- 
scale meter deflection. By placing Terminals 
2 and 4 of the CA3160 at ground potential, 
the CA31 60 input is operated in the “guarded 
mode". Under this operating condition, even 
slight leakage resistance present between 
Terminals 3 and 2 or between Terminals 3 
and 4 would result in zero voltage across this 
leakage resistance, thus substantially reducing 
the leakage current. 

If the CA3160 is operated with the same 
voltage on input Terminals 3 and 2 as on 
Terminal 4, a further reduction in the input 
current to the less than one picoampere level 
can be achieved as shown in Fig. 12. 

To further enhance the stability of this cir- 
cuit, the CA3160 can be operated with its 


output (Terminal 6) near ground, thus mar- 
kedly reducing the dissipation by reducing 
the supply current to the device. 

The CA3140 stage serves as a XI 00 gain 
stage to provide the required plus and minus 
output swing for the meter and feedback 
network. A 100-to-1 voltage divider network 
consisting of a 9.9-K12 resistor in series with 
a 100-ohm resistor sets the voltage at the 
10-KMH resistor (in series with Terminal 3) to 
±30 mV full-scale deflection. This 30-mV 
signal results from ±3 volts appearing at the 
top of the voltage divider network which 
also drives the meter circuitry. 

By utilizing a switching technique in the 
meter circuit and in the 9.9 KH and 100-ohm 
network similar to that used in voltmeter 
circuit shown in Fig. 22, a current range of 
3 pA to 1 nA full scale can be handled with 
the single 10-KMfZ resistor. 
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(b) — Sample-and-hold waveform. 

Top Trace: Sampled Output 
Center Trace: Input Signal 
Bottom Trace: Sampling Pulses 


( c ) — Sample-and-hold waveform. 
Top Trace: Sampled Output 
Center Trace: Input 
Bottom Trace: Sampling Pulse 
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Wien Bridge Oscillator 

A simple, single-supply Wien Bridge oscil- 
lator using a CA3160 is shown in Fig. 27. 
A pair of parallel-connected 1N914 diodes 
comprise the gain-setting network which 
standardizes the output voltage at approxi- 
mately 1.1 volts. The 500-ohm potentiometer 
is adjusted so that the oscillator will always 
start and the oscillation will be maintained. 
Increasing the amplitude of the voltage may 
lower the threshold level for starting and for 
sustaining the oscillation, but will introduce 
more distortion. 


Operation with Output-Stage Power-Booster 
The current sourcing and sinking capability 
of the CA3160 output stage is easily supple- 
mented to provide power-boost capability. 
In the circuit of Fig. 28, three CMOS 
transistor-pairs in a single CA3600 1C array 
are shown parallel-connected with the output 
stage in the CA3160. In the Class A mode of 
CA3600E shown, a typical device consumes 



Fig.27 — Single-supply Wien Bridge oscillator. 


20 mA of supply current at 15-V operation. 
This arrangement boosts the current-handling 
capability of the CA3160 output stage by 
about 2.5X. 

The amplifier circuit in Fig. 28 employs 
feedback to establish a closed-loop gain of 
20 dB. The typical large-signal-bandwidth 
(—3 dB) is 190 kHz. 


3 



TRANSISTORS pi, p2, p3 AND nl,n2. n3 ARE 
PARALLEL -CONNECTED WITH 08 AND 012, 


Fig.28 - CMOS transistor array ( CA3600E ) connected as power 
booster in the output stage of the CA3160. 
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BiCMOS Precision Operational Amplifiers 


Features 

• Low V|o: 

► CA3193A 

► CA3193 

• Low AV|o/AT: 

► CA3193A 

► CA3193 

° Low Iio and l| 

• Low AI|o/AT: CA3193. 

• Low AI|/AT: CA3193 .. 


. 200juV (Max.) 
. 500jiV (Max.) 


3jjV/°C (Max.) 
5pV/°C (Max.) 


. 150pA/°C (Max.) 
. 3.7nA/0C (Max.) 


Applications 

• Thermocouple Preamplifiers 

• Strain-Gauge Bridge Amplifiers 

• Summing Amplifiers 

• Differential Amplifiers 

• Bilateral Current Sources 

• Log Amplifiers 

• Differential Voltmeters 

• Precision Voltage References 

• Active Filters 

• Buffers 

• Integrators 

• Sample-and-Hold Circuits 

• Low Frequency Filters 


Description 

The CA3193A and CA3193 are ultra-stable, precision 
instrumentation, operational amplifiers that employ both 
PMOS and bipolar transistors on a single monolithic chip. 
The CA3193A and CA3193 amplifiers are internally phase 
compensated and provide a gain bandwidth product of 
1.2MHz. They are pin compatible with the industry 741 
series and many other 1C op amps, and may be used as 
replacements for 741 series types in most applications. 

The CA3193A and CA3193 can also be used as functional 
replacements for op-amp types 725, 108A, OP-5, OP-7, 
LM1 1 and LM71 4 in many applications where nulling is not 
employed. Because of their low offset voltage and low offset 
voltage-versus-temperature coefficient the CA3193A and 
CA3193 amplifiers have a wider range of applications than 
most op amps and are particularly well suited for use as 
thermocouple amplifiers, high gain filters, buffer, strain 
gauge bridge amplifiers and precision voltage references. 

The two types in the CA3193 series are functionally 
identical. The CA3193A and CA3193 operate from supply 
voltages of ±3.5V to ±18V and have operating temperature 
ranges of -25°C to +85°C and 0°C to +70°C, respectively. 

The CA3193A and CA3193 types are supplied in standard 
8-lead TO-5 style (T suffix), 8-lead dual-in-line formed 
lead TO-5 style (DIL-CAN-S suffix) and 8-lead dual-in-line 
plastic (Mini-DIP-E suffix) packages. 


Pinouts 


S AND T SUFFIX 
TOP VIEW 



NOTE: Pin 4 is Connected to Case on S and T 
Suffix. 


E SUFFIX 
TOP VIEW 


OFFSET . — 
NULL [J_ 
INV. . — 
INPUT (_2_ 
NON - INV. pr 
INPUT L — 


nfl OFFSET 
}— -* NULL 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 


File Number 1249.1 
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Absolute-Maximum Ratings, Absolute-Maximum Values at 7a =25° C 



CA3193 

CA3193A 

DC Supply Voltage 

Differential-Mode Input Voltage 

Common-Mode DC Input Voltage 

Input Terminal Current 

< 

- j>* 

- ^ 00 
< 

± 18 
±5 

(V + -4), V- 
1 

Device Dissipation 

Without Heat Sink 

Up to 55° C 

Above 55° C 

Temperature Range 

Output Short-Circuit Duration* 

Lead Temperature (During Soldering) at distance of 1/16 in. ± 1/32 in. 
(1.59 ± 0.79 mm) from case for 10 seconds max 

630 

Derate Linearly 6.67 

Oto 70 

Indefinite 

±265 

630 

-25 to 85 
Indefinite 

±265 


* Short circuit may be applied to ground or to either supply. 


Circuit Description 

The block diagram of the CA31 93 amplifier, Fig. 1 shows the 
voltage gain and supply current for each of its four amplifier 
stages. Simplified and complete schematic diagrams of the 
CA3193 amplifier are shown in Figs. 3 and 4, respectively. 

A quad of physically cross-connected n-p-n transistors 
comprise the input-stage differential pair (Q1 , Q2 in Figs. 3 
and 4); this arrangement contributes to the low input offset- 
voltage characteristics of the amplifier. The ultra-high gain 
provided in the first stage ensures that subsequent stages 
cannot significantly influence the overall offset-voltage 
characteristics of the amplifier. High load impedances for 
the input-stage differential pair (Q1 , Q2) are provided by the 
cascode-connected p-n-p transistors Q3, Q5 and Q4, Q6, 
thereby contributing to the high gain developed in the 
stage. 

The second stage of the amplifier consists of a differential 
amplifier employing PMOS/FETs (Q7, Q8 in Figs. 3 and 4) 


with appropriate drain loading. Since Q7 and Q8 are 
MOS/FETs, their loading on the first stage is quite low, 
thereby making an additional contribution to the high gain 
developed in the first stage. The second stage is also 
configured to convert its differential signal to a single- 
ended output signal by means of current mirror D9, Q30 
(Figs. 3 and 4) to drive subsequent gain stage. 

The third stage of the amplifier consists of Darlington- 
connected n-p-n transistors (Q17, Q19 in Figs. 3 and 4), 
driving the quasi-complementary Class AB output stage 
(Q14 and Q15, Q16 in Figs. 3 and 4). Output-stage short- 
circuit protection is activated by voltage drops developed 
across the 60-ohm resistors adjacent to the output terminal 
(R9 and RIO, Fig. 4). When the voltage drop developed 
across either of these resistors reaches a potential equal to 
1 V B e, the respective protective transistor (Q12 or Q13) is 
activated and shunts the base drive from the bases of the 
output stage transistors (Q14 and Q15, Q16). 

Internal frequency compensation forthe CA3193 amplifier 
is provided by two internal networks, a 6-pF capacitor 
connected between the input-stage transistor collectors 
and the node between the third and output stages and a 
second network, consisting of a 20-pF capacitor in series 
with a 7.5 kO resistor connected between the input and 
output nodes of the third stage. 
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ELECTRICAL CHARACTERISTICS at Ta = 25 °C, V + = 15 V and V - = 15 V 
unless otherwise specified. 



LIMITS 1 


CHARACTERISTIC 

CA3193A 

CA319 

3 

UNITS 



■J73 1 

(333 

BGUSS 

■m 



Input Offset 
Voltage, |V|q| 

B 

140 

200 

B 

300 

500 

mV 

V|0 @ Max.Temp. 


— 


— 

_ 


mV 

input Offset Volt- 
age Temp.Coeffi- 
cient, AV|o/AT 
(Over specified 
temperature 
range for each 
device) 

1 

1 

3 

1 

I 


*iV/°C 

Input Offset 
Current, l|0 

- 

3 

5 

- 

5 

10 

nA 

|l|Ol @ Max.Temp. 

— 

— 

mm 

— 

— 

BB 

nA 

Input Offset 

Current Temp. 
Coefficient, 
Al|o/AT (Over 
specified temp- 
erature range for 
each device) 

1 

0.03 

0.10 

- 

0.04 

0.15 

nA/°C 


- 

10 

mu 

- 


40 

nA 

|lBl @ Max.Temp. 

— 

— 

■ 

— 

- 

1151 


Input Bias 

Current Temp. 
Coefficient, 

AI|/AT 

- 

0.10 

1.18 

1 


i 


Input Noise 



■ 

■ 


■ 


Voltage, ep p.p 
(0.1 to 10 Hz) 

— 

0.36 

B 

B 

0.36 

D 

MVp-p 

Input Noise Volt- 



■ 

■ 


■ 


age Density, e n 




B 


■ 


fo = 10 Hz 

— 

25 



25 

B 


f o = 1 00 Hz 

— 

25 



25 

1 


fo = 1000 Hz 

— 

24 



24 

B 

n V/ 

f 0 = 10 kHz 

— 

24 



24 

B 

V r Hz~ 

f 0 = 100 kHz 

— 

22 



22 

B 


Input Noise 



■ 

■ 


■ 


Current, i n p . p 
(0.1 to 10 Hz) 

— 

12 


B 

12 

s 

pA p-p 

Input Noise Cur- 






■ 


rent Density, i n 






B 


f 0 = 10 Hz 

— 

0.83 

— 

— 

0.83 

B 


f 0 = 1 00 Hz 

— 

0.80 

— 

— 

0.80 



fo = 1000 Hz 

— 

0.75 

— 

— 

0.75 

B 

pA/ 

f 0 = 10 kHz 

— 

0.72 

— 

— 

0.72 

1 

vw 

f 0 = 100 kHz 

- 

0.60 

- 

- 

0.60 

B 
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ELECTRICAL CHARACTERISTICS at Ta = 25 °C, V + = 15 V and V - = 15 V (Cont’d) 
unless otherwise specified. 



LIMITS i 


CHARACTERISTIC 

CA3193A 

CA3193 

UNITS 


Min. 

Typ- 

Max. 

Min. 

Typ. 

Max. 


Common-Mode 


-13.5 



-13.5 



Input Voltage 

-12 

to 

10 

-12 

to 

10 

V 

Range, V|CR 


11.5 



11.5 



Common-Mode 
Rejection Ratio, 
(VCM = V|CR) 

110 

115 

— 

100 

110 

— 

dB 


1.78 

3.16 


3.16 

10 

mV/V 

Power Supply Re- 








jection Ratio, 

100 

130 

— 

100 

130 

— 

dB 

PSRR, 

AV|o/AV± 


0.316 

10 


0.316 

10 

M V/V 

Maximum Output 








Voltage Swing 
(Rl>2 KQ) 

±13.0 

±13.5 

— 

±13.0 

±13.5 

— 

V 

Large-Signal 








Voltage Gain 
(V 0 = ± 10) 








RL>1 KQ 

— 

— 

— 

— 

— 

— 


R[>2 KQ 

110 

115 

— 

100 

110 

— 

dB 

R|>10 KQ 

— 

125 

— 

— 

115 

— 


Short-Circuit 








Output Current to 
the Opposite Rail, 
•OM + . lOM" 

-25 

±7 

25 

-25 

±7 

25 

mA 

Slew Rate, SR 








(RL>2 KQ; 

Unity Gain Volt- 
age Follower) 

- 

0.25 

- 

- 

0.25 

- 

V/ M s 

Gain-Bandwidth 








Product, ft 

Aql = 0 dB 

RL = 2 kQ 

C L = 100pF 

V|N = 20 
f = 1 kHz 

- 

1.20 

- 

- 

1.20 

- 

MHz 

Small-Signal 








Transient Re- 
sponse, t r (Vin = 
20 mV p-p, f = 

1 kHz 

- 

0.29 

- 

- 

0.29 

- 

MS 

Supply Current, 








R[_ = °° 

V+ =15, V- = 
-15 

— 

2.3 

3.5 

— 

2.3 

3.5 

mA 

Temperature 

Range 

-25 

- 

85 

0 

- 

70 

°C 
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EQUIVALENT TIME (T) AT AMBIENT TEMPERATURE (T A ) - 25*C — YEARS 


Fig. 5 - Typical input offset-voltage temperature characteristic 
for CA3193 series. 


Fig. 6 - Input offset voltage vs. time. 





Fig. 7 - Typical input bias current vs. temperature. 


Fig. 8 - Typical input offset current vs. temperature. 
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Fig. 9 - Input noise voltage and current density vs. frequency. 


Fig. 10 - Power supply voltage {V + , V~) vs. supply current. 
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SUPPLY VOLTAGE ( V + , V") — V 


Fig. 14 - Maximum undistorted output voltage vs. frequency. Fig. 15 - Output-voltage-swing capability and common-mode 

input-voltage vs. supply voltage. 






CA3193A, CA3193 


Offset Voltage Nulling 

The input offset voltage can be nulled to zero by any of the 
three methods shown in the table below. A 1 0K 
potentiometer between terminals 1 and 5, with its wiper 
returned to V - , will provide a gross nulling for all types. For 
finer nulling, either of the other two circuits shown below 


may be used, thus providing simpler improved resolution 
for all types. 

CAUTION: The CA3193 amplifiers will be damaged if they 
are plugged into op-amp circuits employing nulling with 
respect to the V + supply bus. 


Offset Voltage Nulling 


Offset 

Nulling 

Circuits 

V" 

GhXv-® 

R 

rWr-V 

©-AA/V© 

10 K 

■lii' 

1 K 

Type 

Resistor R Value 

Resistor R Value 

Resistor R Value 

CA3193A 

10K 

50K 

10K 

CA3193 

10K 

20K 

5K 


Gross Offset 

Finer Offset 


Adjustment 

Adjustments 



TEST CIRCUITS 



Fig. 16 - Input offset voltage test circuit 




Fig . 17 - Inverting amplifier (a) test circuit ( b ) response to 1-kHz, 
20-V p-p square wave. 
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CA3193A, CA3193 


+ 15 V 



TOP TRACE : INPUT VOLTAGE 
BOTTOM TRACE : OUTPUT VOLTAGE 


VERT. 


■ IOV 
DIV 


V+ = 15 V 
V“ = 15V 


HOR 


■ I ms 
DIV 


R L = 2K 


b 



Fig. 18 - Voltage follower (a) test circuit ( b ) response to 20-V p-p, 
1-kHz square-wave input. 




Fig. 19- Low frequency noise (a) test circuit - 0.1 to 10 Hz ( b ) 
output A waveform - 0 to 10 Hz noise (c) output B 
waveform -0 to 10 Hz noise. 
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APPLICATION CIRCUITS 



FOR IDEAL RESISTORS WITH — = — 

V0UT = v b _v a + 

* _ V OUT . / R4 \ 

A ‘ VF^'^R3 +I ) 

FOR VALUES ABOVE V 0UT = ( V b — V a ) (10) 


R 2 



ALL RESISTANCE VALUES ARE IN OHMS 

m , u / R4 W Rl + R2 \ ( R2 \ 

V OUT V 2 \ R3+R4 Rl / V| V Rl / 


IF R4 = R2 ,R3 = Rl AND — * ^ 


. I R2 \ 

THEN VouT“(V 2 -V,)i— ) 

FOR VALUES ABOVE V 0 UT m 2 < v 2 " V l ) 

IF Ay IS TO BE MADE I AND IF Rl = R3 = R4 = R 
WITH R2 = 0.999 R (0.1% MISMATCH IN R2) 


THEN V 0CM = 0.0005 V, N OR CMRR = 66 dB 

THUS, THE CMRR OF THIS CIRCUIT IS LIMITED BY 
THE MATCHING OR MISMATCHING OF THIS NETWORK 
RATHER THAN THE AMPLIFIER. 



Fig. 20 - Typical two-op amp bridge-type differential amplifier. Fig. 21 - Differential amplifier ( simple subtractor ) using CA3193. 


R2 



IF Rl = R3 AND R2-R4 + R5 THEN 


I L IS INDEPENDENT OF VARIATIONS IN R L 
FOR R l VALUES OF 0 ft TO 3 kft WITH V * I V 


V R4 V I M _ V 
Il= R3R5 * (2 M)(l K) = 2K 


500 /xA 


«F 



r 


V0UT=-(2V,+2V 2 + 2 V 3 ) 


ALL RESISTANCE VALUES ARE IN OHMS 


Fig. 22 - Using CA3193 as a bilateral current source. 


Fig. 23 - Typical summing amplifier application. 
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The CA3193 is an excellent choice for use with generated 500 times. The three 22-megohm resistors will 

thermocouples. In Fig. 24, the CA31 93 amplifies the signal provide full-scale output if the thermocouple opens. 



92CS- 32986 


ALL RESISTANCE VALUES ARE IN OHMS 

Fig. 24 - The CA3193 used in a thermocouple circuit. 
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(2 HARRIS 


August 1991 


CA3240A 

CA3240 

Dual BiMOS Operational Amplifiers 
With MOSFET Input, Bipolar Output 


Features 


Description 


• Dual Version of CA3140 

• Internally Compensated 

• MOSFET Input Stage 

(a) Very High Input Impedance (Z|n) 1.5Tfl Typ. 

(b) Very Low Input Current (l|) 1 0pA Typ. at ±1 5V 


(c) Wide Common-Mode Input Voltage Range (V|cr): Can be Swung 
0.5 Volt Below Negative Supply Voltage Rail 

• Directly Replaces Industry Type 741 In Most Applications 

Applications 

• Ground Referenced Single Supply Amplifiers In Automobile and 
Portable Instrumentation 

• Sample and Hold Amplifiers 

• Long Duration Timers/Multivibrators (Microseconds-Mlnutes-Hours) 

• Photocurrent Instrumentation 

• Active Filters 

o Intrusion Alarm Systems 

• Comparators • Function Generators 

• Instrumentation Amplifiers ® Power Supplies 


The CA3240A and CA3240 are dual versions of 
the popular CA3140 series integrated circuit 
operational amplifiers. They combine the 
advantages of MOS and bipolar transistors on the 
same monolithic chip. The gate- protected 
MOSFET (PMOS) input transistors provide high 
input impedance and a wide common-mode input 
voltage range (typically to 0.5V below the negative 
supply rail). The bipolar output transistors allow a 
wide output voltge swing and provide a high 
output current capability. 

The CA3240A and CA3240 are supplied in the 
8 lead dual-in-line plastic package (Mini-DIP, 
E suffix), and in the 14 lead dual-in-line plastic 
package (El suffix). The CA3240A and CA3240 
are compatible with the industry standard 1458 
operational amplifiers in similar packages. The 
CA3240A and CA3240 have an operating 
temperature range of -40°C to +850C. The offset 
null feature is available only when these types are 
supplied in the 14 lead dual-in-line plastic 
package (E 1 suffix). The CA3240 is also available 
in chip form (H suffix). 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjjg Number 1 050.1 

Copyright © Harris Corporation 1 991 
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MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY VOLTAGE 

(BETWEEN V + AND V~ TERMINALS) 36 V 

OPERATING VOLTAGE RANGE 4 to 36 V 

or ±2 to ±18 V 

DIFFERENTIAL-MODE INPUT VOLTAGE ±8 V 

- COMMON-MODE DC INPUT VOLTAGE (V + +8 V) to (V“ -0.5 V) 

INPUT-TERMINAL CURRENT 1mA 

DEVICE DISSIPATION: 

UP TO 55° C 630 mW 

ABOVE 55°C Derate linearly 6.67 mW/°C 

TEMPERATURE RANGE: 

OPERATING —40 to +85°C 

STORAGE -65 to +150°C 

OUTPUT SHORT-CIRCUIT DURATION* UNLIMITED 

LEAD TEMPERATURE (DURING SOLDERING): 

AT DISTANCE 1/16 ±1/32 INCH (1.59 ± 0.79 MM) 

FROM CASE FOR 10 SECONDS MAX +265°C 


* Short circuit may be applied to. ground or to either supply. Temperatures and/or supply voltages must 
be limited to keep dissipation within maximum rating. 



ALL RESISTANCE VALUES ARE IN OHMS. 92CL -30014 

* ONLY AVAILABLE WITH 14-LEAD DIP (El SUFFIX) 


Fig. 2 — Schematic diagram of one-half CA3240 series. 


Circuit Description 

The schematic .diagram of one amplifier 
section of the CA3240 is shown in Fig. 2. It 
consists of a differential amplifier stage using 
PMOS transistors Q9 and Q10 with gate-to- 
source protection against static discharge 
damage provided by zener diodes D3, D4, 
and D5. Constant current bias is applied to 
the differential amplifier from transistors Q2 


and Q5 connected as a constant-current 
source. This assures a high common-mode 
rejection ratio. The output of the differential 
amplifier is coupled to the base of gain stage 
transistor Q13 by means of an n-p-n current 
mirror that supplies the required differential- 
to-single-ended conversion. Provision for off- 
set null for types in the 14-lead plastic 
package (El suffix) is provided through the 
use of this current mirror. 
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The gain stage transistor Q13 has a high- 
impedance active load (Q3 and Q4) to pro- 
vide maximum open-loop gain. The collector 
of Q13 directly drives the base of the com- 
pound emitter-follower output stage. Pull- 
down for the output stage is provided by 
two independent circuits: (1) constant- 
current-connected transistors Q14 and Q15 
and (2) dynamic current-sink transistor Q16 
and its associated circuitry. The level of pull- 
down current is constant at about 1 mA for 
Q15 and varies from 0 to 18 mA for Q16 
depending on the magnitude of the voltage 
between the output terminal and V + . The 
dynamic current sink becomes active when- 
ever the output terminal is more negative 


than V + by about 15 V. When this condition 
exists, transistors Q21 and Q16 are turned on 
causing Q1 6 to sink current from the output 
terminal to V — . This current always flows 
when the output is in the linear region, either 
from the load resistor or from the emitter of 
Q1 8 if no load resistor is present. The purpose 
of this dynamic sink is to permit the output 
to go within 0.2 V (VcE(sat)) of V~ with a 
2-kO load to ground. When the load is 
returned to V+, it may be necessary to supple- 
ment the 1 mA of current from Q15 in order 
to turn on the dynamic current sink (Q16). 
This may be accomplished by placing a 
resistor (approx. 2 k£2) between the output 
and V- 
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ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN 
At V + = 15 V, V" = 15 V, T a = 25°C Unless Otherwise Specified 


CHARACTERISTIC 

LIMITS ! 

UNITS 

CA3240A 

CA3240 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Input Offset Voltage, |V|q| 

- 

2 

5 

- 

5 

15 

mV 

Input Offset Current, |I|q| 

- 

0.5 

20 

- 

0.5 

30 

PA 

Input Current, l| 

- 

10 

40 

- 

10 

50 

pA 

Large-Signal 

Voltage Gain, Aql® 

(See Figs. 4, 19) 

20 k 

100 k 

- 

20 k 

100 k 

- 

V/V 

86 

100 

- 

86 

100 

- 

dB 

Common-Mode 

Rejection Ratio, CMRR 

(See Fig. 9) 

- 

32 

320 

- 

32 

320 

JLtV/V 

70 

90 

- 

70 

90 

- 

dB 

Common-Mode 

Input-Voltage 

Range, V| CR 

(See Fig. 16) 

-15 

-15.5 

to 

+12.5 

12 

-15 

-15.5 

to 

+12.5 

11 

V 

Power-Supply AV|q/AV 

- 

100 

150 

_ 

100 

150 

juV/V 

Rejection Ratio, PSRR 

(See Fig. 11) 

76 

80 

- 

76 

80 

— 

dB 

Maximum Output 

Voltage," v OM + 

+12 

13 

_ 

l 

+i2 ; 

13 

_ 

V 

(See Figs. 22, 16) Vqm - 

-14 

-14.4 

- 

-14 

-14.4 

- 

Maximum Output 

Voltage, 1 " v OM~ 

0.4 

0.13 

- 

0.4 

0.13 

- 

V 

Supply Current, l + 

(See Fig. 7) 

For Both Amps. 

- 

8 

12 

- 

8 

12 

mA 

Total Device 

Dissipation, Pq 

- 

240 

360 

- 

240 

360 

mW 


• At V Q = 26 V p . p , +12 V, -14 V and R L = 2 ka. 
" At R l = 2 ka. 

t At V + = 5 V, V“ = GND, l Sjnk = 200 jliA. 
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TYPICAL ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

TEST 

CONDITIONS 
V + = +15 V 
V - = — 15 V 

T a = 25°C 

TYPICAL VALUES 

UNITS 

CA3240A 

CA3240 

Input Offset Voltage 

Adjustment Resistor 
(El Package Only) 

Typ. Value of 
Resistor Between 

Terms. 4 and 

3(5) or Between 

4 and 14(8) to 
Adjust Max. 

V I0 

18 

4.7 

kft 

Input Resistance R-] 


1.5 

1.5 

ra 

Input Capacitance C| 


4 

4 

pF 

Output Resistance Rq 


60 

60 

n 

Equivalent Wideband 

Input Noise Voltage e n 

(See Fig. 21) 

BW=140 kHz 
R s = 1 MS7 


48 

JUV 

Equivalent Input 

Noise Voltage e n 

(See Fig. 10) 

f= 1 kHz 

R s= 

ioo n 

40 

40 

nV/\/ Hz 

f = 1 0 kHz 

12 

12 

Short-Circuit Curr 
Opposite Supply 

ent to 

Source Iqm + 


40 

40 

mA 

Sink l 0 M _ 


11 

11 

Gain-Bandwidth 

Product fj 

(See Figs. 5 and 19) 


4.5 


MHz 

Slew Rate SR 

(See Fig. 6) 


to 



Transient Response: 

Rise Time 

R L — 2 k n 

C L =100 pF 

0.08 

0.08 

MS 

t r 

Overshoot (See Fig. 20) 

10 

10 

% 

Settling Time 
at10V p _ p , 

(See Fig. 17) 

1 mV 

R L =2 k!2 

C L =100 pF 
Voltage Follower 

4.5 

4.5 

MS 

10 mV s 

1.4 

1.4 

Crosstalk 

f = 1 kHz 

120 

120 

dB 
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ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN 

At V + = 15 V, V - = 15 V, T^ = -40 to +85 °C Unless Otherwise Specified 


CHARACTERISTIC 

TYPICAL VALUES 

UNITS 

CA3240A 

CA3240 

Input Offset Voltage, |V|q| 

3 

10 

mV 

Input Offset Current * 1 1 j ol 

32 

32 

pA 

Input Current,* l| 

640 

640 

pA 

Large-Signal 

Voltage Gain, A OL* 

(See Figs. 4, 19) 

63 k 

63 k 

V/V 

96 

96 

dB 

Common-Mode 

Rejection Ratio, CMRR 

(See Fig. 9) 

32 

32 

jU V/V 

90 

90 

dB 

Common-Mode 

Input-Voltage Range, Vjcr 

(See Fig. 1 6) 

-15 

to 

+12.3 

-15 

to 

+12.3 

V 

Power-Supply Rejection AV|q/AV 

150 

150 

/iV/V 

Ratio, PSRR 

(See Fig. 11) 

76 

76 

dB 

Maximum Output 

Voltage" v OM + 

12.4 

12.4 

V 

(See Figs. 16,22) V 0M “ 

-14.2 

-14.2 

Supply Current, l + 

(See Fig. 7) For Both Amps. 

8.4 

8.4 

mA 

Total Device Dissipation, Pq 

252 

252 

mW 

Temperature Coefficient 
of Input Offset Voltage, AVjq/AT 

15 

15 

/iV/°C 


# At V Q = 26 V p . p , +12 V, -14 V and R|_ = 2 kSl. 
" At R l = 2 k LI. 

* At T a = 85°C 




Fig. 4 — Open-loop voltage gain as a function of 
supply voltage and temperature. 


Fig. 5 — Gain-bandwidth product as a function 
of supply voltage and temperature. 
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TYPICAL ELECTRICAL CHARACTERISTICS FOR DESIGN GUIDANCE 
At V+ = 5 V, V“ = 0 V, T a = 25°C 


CHARACTERISTIC 

TYPICAL VALUES 

UNITS 

CA3240A 

CA3240 

Input Offset Voltage, 

l v iol 

2 

5 

mV 

Input Offset Current, 

I'ioI 

0.1 

0.1 

pA 

Input Current, l| 

2 

2 

PA 

Input Resistance 

1 

1 

TO 

Large-Signal Voltage Gain, 

a 0L 

100 k 

100 k 


(See Figs. 4, 19) 


100 

100 

dB 

Common-Mode Rejection Ratio, CM RR 

32 

32 

fiV/V 



90 

90 

dB 

Common-Mode Input-Voltage 
Range, 

(See Fig. 22) 

V ICR 

-0.5 

-0.5 

V 

2.6 

2.6 


Power-Supply Rejection Ratio, 

PSRR 

31.6 

31.6 

juV/V 



90 

90 

dB 

Maximum Output Voltage, 

V 0 M + 

3 

3 

V 

(See Figs. 16,22) 

V 0M~ 

0.3 

0.3 

Maximum Output Current: 
Source, 

! 0M + 

20 

20 

mA 

Sink 

'0M~ 

1 

1 

Slew Rate (See Fig. 6) 

7 

7 

V/jUS 

Gain-Bandwidth Product, 

(See Fig. 5) 

«T 

4.5 

4.5 

MHz 

Supply Current, 

(See Fig. 7) 

l + 

4 

4 

mA 

Device Dissipation, 

P D 

20 

20 

mW 



92CS- 30017 

Fig. 6 — Slew rate as a function of supply 
voltage and temperature. 
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Fig. 7 — Quiescent supply current as a 
function of supply voltage and 
temperature. 
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Fig. 8 — Maximum output voltage swing 
as a function of frequency. 



Fig. 10 — Equivalent input noise voltage 
as a function of frequency. 



OUTPUT VOLTAGE (V 0 )-V 

92CS- 30022 


Fig. 12 — Output sink current as a function 
of output voltage. 



92CS- 30024 

Fig. 14 — Crosstalk as a function of frequency. 



FREQUENCY («) - Hi 
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Fig. 9 — Common-mode rejection ratio 
as a function of frequency. 
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Fig. 11— Power supply rejection ratio 
as a function of frequency. 
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Fig. 13 — Supply current as a function of 
output voltage. 



92CS-279I3 

Fig. 15 — Voltage across output transistors 
Q15 and Q16 as a function of 
load current. 
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INPUT CURRENT (Ij) — pA 


CA3240A, CA3240 



Fig. 16 — Output-voltage-swing capability and 
common-mode input-voltage range 
as a function of supply voltage and 
temperature. 




(a) SETTLING TIME — fit 

92CS-279I6 


FOLLOWER 



0.05 fiF 



Fig. 17 — Input voltage as a function of settling 
time. 


Fig. 18 — Input current as a function of 
ambient temperature. 



92CS- 27910 


Fig. 19 - Open-loop voltage gain and phase lag 
as a function of frequency. 
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4- 1 5 V 




(a ) S M ALL SIGNAL RESPONSE 


TOP TRACE: INPUT 

(50 mV/DIV-, 200 ns/OIV) 

BOTTOM TRACE : OUTPUT 
( 50 mV/DIV •, 200 ns/OIV) 



(b) LARGE SIGNAL RESPONSE 


92CS- 30029 



Fig. 20 — Split-supply voltage-follower test 
circuit and associated waveforms. 



Fig. 21 — Test-circuit amplifier (30-dB gain) 

used for wideband noise measurement. 





Fig. 22 — Voltage across output transistors 
Q15 and Q16 as a function of 
load current. 
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APPLICATIONS CONSIDERATIONS 
Output Circuit Considerations 

Fig. 22 shows output current-sinking capa- 
bilities of the CA3240 at various supply 
voltages. Output voltage swing to the nega- 
tive supply rail permits this device to operate 
both power transistors and thyristors directly 
without the need for level-shifting circuitry 
usually associated with the 741 series of 
operational amplifiers. 

Fig. 23 shows some typical configurations. 
Note that a series resistor, Ri_, is used in both 
cases to limit the drive available to the driven 
device. Moreover, it is recommended that a 
series diode and shunt diode be used at the 
thyristor input to prevent large negative 
transient surges that can appear at the gate of 
thyristors, from damaging the integrated cir- 
cuit. 



Fig. 23 — Methods of utilizing the V^^fsat) 
sinking-current capability of the 
CA3240 series. 


Input Circuit Considerations 

As indicated by the typical VICR, this device 
will accept inputs as low as 0.5 V below V - . 
However, a series current-limiting resistor is 
recommended to limit the maximum input 
terminal current to less than 1 mA to prevent 
damage to the input protection circuitry. 

Moreover, some current-limiting resistance 
should be provided, between the inverting 
input and the output when the CA3240 is 
used as a unity-gain voltage follower. This 
resistance prevents the possibility of ex- 
tremely large input-signal transients from 
forcing a signal through the input-protection 
network and directly driving the internal 
constant-current source which could result 
in positive feedback via the output terminal. 
A 3.9-k£2 resistor is sufficient. 

The typical input current is in the order of 
10 pA when the inputs are centered at nomi- 
nal device dissipation. Asthe output supplies 


load current, device dissipation will increase, 
raising the chip temperature and resulting in 
increased input current. Fig. 24 shows typi- 
cal input-terminal current versus ambient 
temperature for the CA3240. 

It is well known that MOS/FET devices can 
exhibit slight changes in characteristics (for 
example, small changes in input offset volt- 
age) due to the application of large differ- 
ential input voltages that are sustained over 
long periods at elevated temperatures. 

Both applied voltage and temperature ac- 
celerate these changes. The process is rever- 
sible and offset voltage shifts of the opposite 
polarity reverse the offset. In typical linear 
applications, where the differential voltage is 
small and symmetrical, these incremental 
changes are of about the same magnitude as 
those encountered in an operational amplifier 
employing a bipolar transistor input stage. 



Fig. 24 — Input current as a function of 
ambient temperature. 


Offset-Voltage Nulling 

The input-offset voltage of the CA3240AE1 
and CA3240E1 can be nulled by connecting 
a 10-k£2 potentiometer between Terminals 3 
and 14 or 5 and 8 and returning its wiper arm 
to Terminal 4, see Fig. 25a. This technique, 
however, gives more adjustment range than 
required and therefore, a considerable portion 
of the potentiometer rotation is not fully 
utilized. Typical values of series resistors that 
may be placed at either end of the potentio- 
meter, see Fig. 25b, to optimize its utilization 
range are given in the table "Electrical 
Characteristics For Design Guidance" shown 
in this bulletin. 

An alternate system is shown in Fig. 25c. 
This circuit uses only one additional resistor 
of approximately the value shown in the 
table. For potentiometers, in which the 
resistance does not drop to zero ohms at 
either end of rotation, a value of resistance 
10% lower than the values shown in the table 
should be used. 
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*SEE CHARACTERISTICS CHART 
FOR VALUE R 


92CS-30032 


Fig. 25 — Three offset-voltage nulling methods. 
(CA3240AE1, CA3240E1 only.) 
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TYPICAL APPLICATIONS 


On/Off Touch Switch 

The on/off touch switch shown in Fig. 26 
uses the CA3240E to sense small currents 
flowing between two contact points on a 
touch plate consisting of a PC board metal- 
lization "grid". When the "on" plate is 
touched, current flows between the two 
halves of the grid causing a positive shift in 
the output voltage (Term. 7) of the CA3240E. 
These positive transitions are fed into the 
CA3059, which is used as a latching circuit 
and zero-crossing triac driver. When a positive 
pulse occurs at Terminal 7 of the CA3240E, 


the triac is turned on and held on by the 
CA3059 and its associated positive feedback 
circuitry (51-kS7 resistor and 36-k£2/42-kr2 
voltage divider). When the positive pulse 
occurs at Terminal 1 (CA3240E), the triac is 
turned off and held off in a similar manner. 
Note that power for the CA3240E is supplied 
by the CA3059 internal power supply. 

The advantage of using the CA3240E in this 
circuit is that it can sense the small currents 
associated with skin conduction while al- 
lowing sufficiently high circuit impedance to 
provide protection against electrical shock. 



*AT 220 V OPERATION, TRIAC SHOULD BE T2300D, 
RS-I8K.5W 


Fig. 26 — On /off touch switch. 
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Dual Level Detector (window comparator) 

Fig. 27 illustrates a simple dual liquid level 
detector using the CA3240E as the sensing 
amplifier. This circuit operates on the princi- 
ple that most liquids contain enough ions in 
solution to sustain a small amount of current 
flow between two electrodes submersed in 
the liquid. The current, induced by an 0.5-V 
potential applied between two halves of a 


PC board grid, is converted to a voltage level 
by the CA3240E in a circuit similar to that 
of the on/off touch switch shown in Fig. 26. 
The changes in voltage for both the upper 
and lower level sensors are processed by the 
CA3140 to activate an LED whenever the 
liquid level is above the upper sensor or 
below the lower sensor. 



92CM-30006 


Fig. 27 — Dual level detector. 



OUTPUT HUM AND NOISE = < I50 M V RMS 
(10 MHz BANDWIDTH) 

CINE REGULATION = < 0 I %/V 0 
lO RANGE ■= 10 mA— I .3A 

Fig. 28 — Constant-voltage/constant-current power supply. 
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Constant-Voltage/Constant-Current Power Supply 29 shows the transient response of the 


The constant-voltage/constant-current power 
supply shown in Fig. 28 uses the CA3240E 
as a voltage-error and current-sensing ampli- 
fier. The CA3240E is ideal for this application 
because its input common-mode voltage-range 
includes ground, allowing the supply to 
adjust from 20 mV to 25 V without requiring 
an additional negative input voltage. Also, 
the ground reference capability of the CA- 
3240E allows it to sense the voltage across 


supply during a 100-mA to 1-A load transi- 
tion. 

Precision Differential Amplifier 

Fig. 30 shows the CA3240E in the classical 
precision differential amplifier circuit. The 
CA3240E is ideally suited for biomedical 
applications because of its extremely high 
input impedance. To insure patient safety, an 
extremely high electrode series resistance is 
required to limit any current that might 



TOP TRACE : OUTPUT VOLTAGE 

(500 mV/cm AND 5 M $/cm) 
BOTTOM TRACE COLLECTOR OF LOAD 

SWITCHING TRANSISTOR 
LOAD = 100 mA TO I A 
(5V/cm AND 5^s/cm) 


92CS-30034 


TRANSIENT RESPONSE 



Fig. 29 — Transien t response. 


the 1-£2 current-sensing resistor in the nega- 
tive output lead of the power supply. The 
CA3086 transistor array functions as a refer- 
ence for both constant-voltage and constant- 
current limiting. The 2N6385 power Darling- 
ton is used as the pass element and may be 
required to dissipate as much as 40 W. Fig. 


result in patient discomfort in the event of a 
fault condition. In this case, 10-M£2 resistors 
have been used to limit the current to less 
than 2 juA without affecting the performance 
of the circuit. Fig. 31 shows a typical 
electrocardiogram waveform obtained with 
this circuit. 


+ 15 V 
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Fig. 31 — Typical electrocardiogram waveform. 


Differential Light Detector 

In the circuit shown in Fig. 32, the CA3240E 
converts the current from two photo diodes 
to voltage, and applies 1 V of reverse bias to 
the diodes. The voltages from the CA3240E 
outputs are subtracted in the second stage 


(CA3140) so that only the difference is 
amplified. In this manner, the circuit can be 
used over a wide range of ambient light 
conditions without circuit component ad- 
justment. Also, when used with a light source, 
the circuit will not be sensitive to changes in 
light level as the source ages. 



92CM- 30009 


Fig. 32 — Differential light detector. 
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CA3260A 

CA3260 

BiMOS Operational Amplifiers 
With MOSFET Input/CMOS Output 


Features 

• MOSFET Input Stage provides 

► Very High Z| = 1.5TO (1.5 x 10l2f» Typ. 

► Very Low l| = 5pA Typ. at 15V Operation 

= 2pA Typ. at 5V Operation 

• Ideal for Single Supply Applications 

• Common-Mode Input Voltage Range Includes 
Negative Supply Rail; Input Terminals Can be Swung 
0.5V Below Negative Supply Rail 

• CMOS Output Stage Permits Signal Swing to Either 
(Or Both) Supply Rails 

Applications 

• Ground Referenced Single Supply Amplifiers 

• Fast Sample-Hold Amplifiers 

° Long Duration Timers/Monostables 

• Ideal Interface with Digital CMOS 

• High Input Impedance Wide-band Amplifiers 

• Voltage Followers (e.g. Follower for Single Supply 
D/A Converter) 

• Voltage Regulators (Permits Control of Output 
Voltage Down to Zero Volts) 

• Wien-Bridge Oscillators 

• Voltage Controlled Oscillators 

• Photo Diode Sensor Amplifiers 


Description 

CA3260A and CA3260 are integrated circuit operational 
amplifiers that combine the advantage of both CMOS and 
biploar transistors on a monolithic chip. The CA3260 series 
circuits are dual versions of the popular CA31 60 series. 

Gate-protected p-channel MOSFET (PMOS) transistors 
are used in the input circuit to provide very high input 
impedance, very low input current, and exceptional speed 
performance. The use of PMOS field-effect transistors in 
the input stage results in common-mode input voltage 
capability down to 0.5 volt below the negative supply 
terminal, an important attribute in single supply 
applications. 

A complementary symmetry MOS (CMOS) transistor pair, 
capable of swinging the output voltage to within 10 
millivolts of either supply voltage terminal (at very high 
values of load impedance), is employed as the output 
circuit. 

The CA3260 Series circuits operate at supply voltages 
ranging from 4 to 16 volts, or ±2 to ±8 volts when using 
split supplies. The CA3260 Series is supplied in standard 8 
lead TO -5 style packages (T suffix) and 8 lead 
dual-in-line formed lead TO-5 style “DIL-CAN” packages 
(S suffix). The CA3260 is available in chip form (H suffix). 

The CA3260 and CA3260A are also available in the 8 lead 
dual-in-line plastic package (Mini-DIP E suffix). All types 
operate over the full military temperature range of -550C to 
+1 250C. The CA3260A offers superior input characteristics 
over those of the CA3260. 


Pinouts 


E SUFFIX S AND T SUFFIXES 

(Pin compatible with the industry standard 1458) (Pin compatible with the industry standard 1458) 

TOP VIEW TOP VIEW 



W| | 

3 

msz 


HHSJg 

Si 

Wm 

m 

||Slo 

s 

fill 

Mm 

m 



I 


V+ 

OUTPUT (B) 
INV. 

INPUT (B) 

NON - INV. 
INPUT (B) 


INV. 

INPUT (A) 



INPUT (B) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 
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ELECTRICAL CHARACTERISTICS for Each Amplifier at T A =25°C, 
V + =15 V, V“=0 V (Unless otherwise specified) 



LIMITS 

CHARACTERISTIC CA3260A (T,S,E) CA3260 (T,S,E) UNITS 




Input Offset Voltage, 
|V|Q |, V ± =±7.5 V 
Input Offset Current, 
|l|OI. V ± =±7.5 V 


Input Current, l| 
V ± =±7.5 V 


Large-Signal Voltage 
Gain, Aol 

Vq= 10 V p _p, R L =10 kO 


Common-Mode 
Rejection Ratio, CMRR 


Common-Mode Input 
Voltage Range, V|qr 

Power-Supply Rejection 
Ratio, AViq/AV^" 



Maximum Output 
Current, 

IOM + (Source) @ 
Vq=7.5 V 


lOM (Sink) @ 
Vq=7.5 V 


Total 

Supply Current, l + 
Rl_=oo 

Vo(Ampli.A)=7.5 V 
Vo(Ampli.B)=7.5 V 


Vq (Ampli.A)=0 V 
v O(Ampli.B)=0 V 


Vo (Ampli.A)=0 V 
V 0 (Ampli.B)=7.5 V 


Input Offset Voltage 
Temp.Drift, AV|q/AT 


Crosstalk f=1 kHz 



8.5 


- 

mV/°C 

- 

dB 
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CA3260A. CA3260 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY VOLTAGE 

(Between V + and V - Terminals) 16 V 

DIFFERENTIAL-MODE 

INPUT VOLTAGE ±8 V 

COMMON-MODE DC 

INPUT VOLTAGE (V + +8 V) to (V-0.5 V) 

INPUT-TERMINAL CURRENT 1 mA 

DEVICE DISSIPATION: 

WITHOUT HEAT SINK — 

UP TO 55° C 630 mW 

ABOVE 55° C . . . Derate linearly 6.67 mW/°C 


WITH HEAT SINK — 

UP TO 90° C 1 

ABOVE 90° C . . . Derate linearly 16.7 mW/‘ 
TEMPERATURE RANGE: 

OPERATING (All Types) -55 to +125°C 

STORAGE (All Types) -65 to +150° C 

OUTPUT SHORT-CIRCUIT 

DURATION* INDEFINITE 

LEAD TEMPERATURE 
(DURING SOLDERING): 

At distance 1/16 ± 1/32 in. 

(1 .59 ± 0.79 mm) from case 

for 10 s max +265° C 


‘Short circuit may be applied to ground or to 
either supply. 


TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE 


CHARACTERISTIC 

TEST 

CONDITIONS 

CA3260A 

(T, S, E) 

CA3260 

(T, S, E) 

UNITS 

| V + =+7.5 V, V~=-7.5 V, Ta= 25°C (Unless Otherwise Specified) | 

Input Resistance, R| 


1.5 

1.5 

th 

Input Capacitance, C| 

f=1 MHz 

4.3 

4.3 

pF 

Unity Gain Crossover 
Frequency, fj 


4 

4 

MHz 

Slew Rate, SR 


10 

10 

V/ M s 

Transient Response: 

Rise Time, t r 

Cl=25 pF 
R|_=2 k H 
(Voltage 
Follower) 

0.09 

0.09 

(IS 

Overshoot 

10 

10 

% 

Settling Time (4 Vp_p 

Input to < 0.1%) 

1.8 

1.8 

(iS 

| V + =5 V, V“=0 V, Ta= 25°C (Unless Otherwise Specified) | 

Input Offset Voltage, V|o 


2 

6 

mV 

Input Offset Current, l|o 


0.1 

0.1 

pA 

Input Current, l| 


2 

2 

pA 

Common-Mode Rejection 
Ratio, CMRR 


70 

60 

dB 

Large-Signal Voltage 

Gain, Aql 

Vo-4 Vp.p 

Rl -20 kn 

100 k 

100 

100 k 

100 

V/V 

dB 

Common-Mode Input 
Voltage Range, V|qr 


0 to 2.5 

0 to 2.5 

V 

Supply Current, l + 

Vq=5 V, 
R l =oo 

1 

1 

mA 

Vo=2.5 V, 

R l =oo 

1.2 

1.2 

Power Supply Rejection 
Ratio, AV|q/AV + 


200 

200 

/iV/V 


3-166 


o $ 




fwa HARRIS 


August 1 991 


CA3280A 


Dual Variable 
Operational Amplifiers 


Description 


Features 

® Low Initial Input-Offset Voltage: 500 jjV Max. (CA3280A) 

° Low Offset-Voltage Change vs IabC: <500pV Typ. for All 
Types 

® Low Offset-Voltage Drift: 5jiV/C Max. (CA3280A) 

° Excellent Matching of the Two Amplifiers for All 
Characteristics 

® Internal Current-Driven Linearizing Diodes Reduce the 
External Input Current to an Offset Component 

Applications 

° Voltage-Controlled Amplifiers 
° Voltage-Controlled Oscillators 
® Multipliers 
® Demodulators 
® Sample and Hold 
® Instrumentation Amplifiers 
® Function Generators 
® Triangle Wave-to-Sine Wave Converters 
® Comparators 
® Audio Preamplifiers 


The CA3280 and CA3280A types consist of two variable operational 
amplifiers that are designed to substantially reduce the initial input 
offset voltage and the offset-voltage variation with respect to changes 
in programming current. This design results in reduced “AGC thump," 
an objectionable characteristic of many AGC systems. Inter-digitation, 
or crosscoupling, of critical portions of the circuit reduces the amplifier 
dependence upon thermal and processing variables. 

The CA3280 has all the generic characteristics of an operational 
voltage amplifier except that the forward transfer characteristics is best 
described by transcondcutance rather than voltage gain, and the 
output is current, not voltage. The magnitude of the output current is 
equal to the product of transconductance and the input voltage. This 
type of operational transconductance amplifier was first introduced in 
1969*, and it has since gained wide acceptance as a gateable, gain- 
controlled building block for instrumentation and audio applications, 
such as linearization of transducer outputs, standardization of widely 
changing signals for data processing, multiplexing, instrumentation 
amplifiers operating from the nanopower range to high current and 
highspeed comparators. 

The operating-temperature ranges are -55°C to +125°C for the 
CA3280A, and 0°C to +70°C for the CA3280. The CA3280 and 
CA3280A are supplied in the 16 lead dual-in-line plastic package 
(E suffix), in the 16 lead dual-in-line frit-seal ceramic package 
(F suffix), and in chip form (H suffix). 

For additional application information on this device and on OTAs in 
general, please refer to Application Notes: ICAN-6818, ICAN-6668, 
and ICAN-6077. 


Pinouts 

E AND F SUFFIX 
TOP VIEW 


i D , A1 [T 

EMITTER, A1 f~2~ 

'ABC' A1 GE 

V- [T 
NC pT 

'ABC 1 A2 GE 

EMITTER, A2 [T 

l D . A2 H 


JT# 




77] v+ , A2 

_9J + IN, A2 


■ |7e] + in, ai 

- IN, AI 

77] v+ , AI 
■ 77] OUT, AI 

. 77] OUT, A2 


Functional Diagram 



FIGURE 1. FUNCTIONAL DIAGRAM OF 1 /* CA3280 



*“OTA Obsoletes Op Amp," by C.F. Wheatley and H.A. Wittlinger, NEC Proceedings, December 1969. 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE (BETWEEN V+ AND V- TERMINALS) 36 V 

DIFFERENTIAL INPUT VOLTAGE ±5 V 

DC INPUT VOLTAGE RANGE V+toV- 

INPUT SIGNAL CURRENT AT l D = 0 100 //A 

AMPLIFIER BIAS CURRENT 10 mA 

OUTPUT SHORT CIRCUIT DURATION* Indefinite 

LINEARIZING DIODE BIAS CURRENT, l D 5 mA 

PEAK INPUT CURRENT WITH LINEARIZING DIODE ±I D 

POWER DISSIPATION, P D : 

Either Amplifier 600 mW 

Total Package 750 mW 

Above 55° C Derate linearly at 6.67 mW/° C 

AMBIENT TEMPERATURE RANGE, T A : 

Operating: 

CA3280 0 to +70° C 

CA3280A -55 to +125° C 

Storage, All Types -65 to +150° C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16+1/32 in. (1.59 ±0.79 mm) 

from case for 10 sec. max +265° C 


‘Short circuit may be applied to ground or to either supply. 
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ELECTRICAL CHARACTERISTICS at T A = 25°C, V± = 15 V (Unless Otherwise Stated) 
For Equipment Design 


CA3280 CA3280A 

Min. |Typ. I Max. Min. I Typ. I Max. 


CHARAC- 

TERISTIC 

TEST.CONDITIONS 


•abc = 1 mA 


I A BC =1 °°M A 

Input Offset Volt- 

| A BC= 1 °M A 

age, V | q 

*ABC = ^ mAt0 IOjuA 
T A =full temp, range 

Input Offset Volt- 

l A BC~lM A t° 1m/\ 

age Change, 

|AV| 0 I 

i A bc =100 ^ a 

T A =full temp, range 

Amplifier Bias 
Voltage, V ABC 

i A bc =100 ^ a 

Peak Output 
Voltage: 

Positive VOM + 

i abc = ^^^ a 

Negative VOM - 


Positive VOM + 

i abc~^ a 

Negative VOM~ 


Common-Mode 
Input Voltage 
Range, V|CR 

| abc = 10 °/ jA 

Noise Voltage, e^: 
10 Hz 


1 kHz 

i abc =500 ^ a 

10kHz 


Input Offset 
Current, 1 j q 

i ABC = 50 °/ jA 

Input Bias 

I A bc=500m a 

Current, l| B 

\ abc =500»A 
TA=full temp, range 

Peak Output 
Current: 

Source IOM + 

I abc =500juA 



Sink and 

Source, IOM — » 
IOM+ 

1 ABC~500/iA 
TA=full temp, range 

Linearization 

Diodes: 

Dynamic 

Impedance 

l D = IOOjliA 



3-169 


OPERATIONAL 

AMPLIFIERS 





















































CA3280A, C A3 280 


ELECTRICAL CHARACTERISTICS (Cont'd) 


CHARAC- 

TERISTIC 

TEST CONDITIONS 

LIN 

TITS 

UNITS 

CA3280 

CA3280A 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Diode Network 
Supply Current 

IABC = 100mA 


400 

800 

250 

Pljj 

800 

pA 

Amplifier Supply 
Current 
(Per amplifier) 

, abc =500 ^ a 

■ 

■ 

H 

■ 

H 

H 

mA 

Amplifier Output 
Leakage 

Current, Iql 


■ 


0.1 

_ 

BMW 

0.1 

nA 


- 


1 

- 

mg 

1 

Common-Mode 

Rejection 

Ratio, CMRR 

\ abc -W0hA 

80 

100 

■ 

94 

100 

B 

dB 

Power-Supply 

Rejection 

Ratio, PSRR 

| ABC =10 °M A 

86 

D 

B 

94 

m 

B 


Open- Loop 

Voltage 

Gain, Aqj_ 

Iabc = 100 ^ a ' 

R|_=°°, 

V o =20 Vp-p 

a 

EH11 

■ 

94 

Em 


sm 

mu 

3 

- 

50K 


- 


Forward 

Transconductance: 
Large Signal, Gm 

I AB C=50m a 

■ 


1.2 

■ 


1.2 

jjjjj 

Small Signal, gm 

J A BC =1mA 

- 

mm 

22 

- 

16 

m 

Input Resistance, R| 

, ABC =10 ^ A 


- 

- 

0.5 

- 

- 


Channel Separation 

f=1 kHz 

- 

94 

- 

- 

B 

- 

E 

Open- Loop Total 
Harmonic 
Distprtion 

f=1 kHz, l A BC = 

1 .5 mA, 

R L =15kl2, Vo= 

20 Vp-p 

- 

0.4 

■ 

■ 

un 

1 

■ 

Bandwidth 

1 ABC =1 mA ' 
R L =100ft 

- 

9 

- 

■ 

n 

- 

MHz 

Slew Rate, SR: 

Open Loop 

l A BC =1mA 

■ 


B 

- 

125 

- 

V/jUs 

Capacitance: 

Input, Cj 

I ABC =10 °/ iA 

_ 


■ 

_ 

B 

■ 

pF 

Output, Cq 

- 

■ 

HB 

- 

El 

B 

Output Resistance, 
R 0 

I abc =100juA 

- 

63 

B 


63 

- 

MH 


Figs. 2 and 3 show the equivalent circuits for the current 
source and linearization diodes in the CA3280. The current 
through the linearization network is approximately equal to 
the programming current. There are several advantages to 
driving these diodes with a current source. First, only the 
offset current from the biasing network flows through the 
input resistor. Second, another input is provided to extend 
the gain control dynamic range. And third, the input is truly 
differential and can accept signals within the common- 
mode range of the CA3280. 


The structure of the variable operational amplifier elimi- 
nates the need for matched resistor networks in differential 
to single-ended converters, as shown in Fig. 4. A matched 
resistor network requires ratio matching of 0.01% or trim- 
ming for 80 dB of common-mode rejection. The CA3280, 
with its excellent common-mode rejection ratio, is capable 
of converting a small (±25 mV) differential input signal to a 
single-ended output without the need for a matched resis- 
tor network. 


3-170 



























































CA3280A, CA3280 


Fig. 5 shows the CA3280 in a typical gain-control applica- 
tion. The input-signal. range as a function of distortion at 
various levels of linearization diode current is shown in Fig. 
6 This curve shows only the AGC capability of the diode 
network, but' gain control can also be performed with the 
amplifier bias current (Ubc). With no diode bias current, the 
gain is merely gmR L . For example, with an I A bc of 1 mA, the 
gm is approximately 16 mmhos. With the CA3280 operating 
into a 5 kQ resistor, the gain is 80. 


The need for external buffers can be eliminated by the use 
of low-value load resistors, but the resulting increase in the 
required amplifier bias current reduces the input impe- 
dance of the CA3280. The linearization diode impedance 
also decreases as the diode bias current increases, which 
further loads the input. The diodes, in addition to acting as 
a linearization network, also operate as an additional atte- 
nuation system to accommodate input signals in the volt 
range when they are applied through appropriate input 
resistors. 



Fig. 2 — VO A showing linearization diodes and 
current drive. 


+ 15 V 



SINGLE- 

ENDED 

OUTPUT 


Fig. 4 — Differential to single-ended converter. 



FREQUENCY (f ) — H* 

Fig. 6 — Amplifier gain as a function of frequency. 




Fig. 5 — Typical gain control circuit. 



Fig. 7 — Two-channel linear multiplexer. 
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tunable range of from 2 Hz to 1 MHz. 


Fig. 9 shows a triangle wave-to-sine wave converter using 
the CA3280. Two lOOKfi resistors are connected between 
the differential amplifier emitters and V+ to reduce the cur- 


rent flow through the differential amplifier. This allows the 
amplifier to fully cut off during peak input signal excur- 
sions. THD is approximately 0.37% for this circuit. 



Fig. 9 — Triangle wave-to-sine wave converter. 


V+ 




Fig. 10 — Leakage current test circuit. 


Fig. 11 — Channel separation test circuit. 
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v+ 




I Qbc *650 M A 
Id * 200^ A 
VERT =200/iA/DIV 
HOR * I V/OIV 


a) With diode programming terminal active 



Iabc * ®50 /*A 
Id*0 

VERT « 200 /iA/DIV 
HOR* 25 mV/DIV 

b) With diode programming terminal cut-off 


Fig. 12— CA3280 transfer characteristics. 




Fig. 13 — Supply current as a function of diode 
current. 



Fig. 14 — Input offset current as a function of 
amplifier bias current. 



Fig. 15 — Input offset voltage as a function of 
amplifier bias current. 
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Fig. 16 — Peak output voltage as a function of 
amplifier bias current. 
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Fig. 17 — Input current as a function of input 
differential voltage. 



Fig. 19 — Amplifier bias voltage as a function of 
amplifier bias current. 



Fig. 21 — Peak output current as a function of 
amplifier bias current. 
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Fig. 23 — Amplifier gain as a function of amplifier 
bias current. 



Fig. 18 — Leakage current as a function of 
temperature. 
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Fig. 20 — l/F noise as a function of frequency. 
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Fig. 22 — Diode resistance as a function of diode 
current. 



Fig. 24 — Supply current as a function of amplifier 
bias current. 
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AMPLIFIER BIAS CURRENT (lABC> — 


Fig. 25 — Input bias current as a function of amplifier 
bias current. 




Dimensions and pad layout for CA3280H. 


The photographs and dimensions represent a chip 
when it is part of the wafer. When the wafer is cut 
into chips, the cleavage angles are 57 instead of 
90 with respect to the face of the chip. Therefore, 
the isolated chip is actually 7 mils (0.1 7 mm) larger 
in both dimensions. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils ( 10T ^ inch). 
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CA3420A 

CA3420 


Low-Supply Voltage, Low-Input Current 
BiMOS Operational Amplifiers 


Features 

• 2V Supply at 300 jiA Supply Current 

• IpA (Typ.) Input Current (Essentially Constant 
to 85°C) 

• Rail-to-Rail Output Swing (Drive ±2mA into 
IkO Load) 

• Pin Compatible with 741 Operational Amplifiers 


Applications 

• pH Probe Amplifiers 

• Picoammeters 

• Electrometer (High Z) Instruments 

• Portable Equipment 

• Inaccessible Field Equipment 

• Battery-Dependent Equipment (Medical and 
Military) 


Description 

The CA3420A and CA3420* are integrated -circuit operational 
amplifiers that combine PMOS transistors and bipolar transistors 
on a single monolithic chip. The CA3420A and CA3420 BiMOS 
operational amplifiers feature gate-protected PMOS transistors in 
the input circuit to provide very high input impedance, very low 
input currents (less than IpA). The internal bootstrapping 
network features a unique guardbanding technique for reducing 
the doubling of leakage current for every 10°C increase in 
temperature. The CA3420 series operates at total supply voltages 
from 2 to 20 volts either single or dual supply. These operational 
amplifiers are internally phase compensated to achieve stable 
operation in the unity gain follower configuration. Additionally, 
they have access terminals for a supplementary external 
capacitor if additional frequency roll-off is desired. Terminals are 
also provided for use in applications requiring input offset voltage 
nulling. The use of PMOS in the input stage results in 
common-mode input voltage capability down to 0.45 volt below 
the negative supply terminal, an important attribute for 
single-supply application. The output stage uses a feedback OTA 
type amplifier that can swing essentially from rail-to-rail. The 
output driving current of 1.5mA (min) is provided by using 
non-linear current mirrors. 

The CA3420 series has the same 8 lead pin-out used for the 
industry standard 741 . They are supplied in the standard 8 lead 
TO-5 style package (S suffix, and T suffix); in the standard 8 lead 
dual-in-line plastic package (Minidip - E suffix), and are also 
available in chip form (H suffix). 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 
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MAXIMUM RATINGS, Absolute-Maximum Values {Tq=25°C): 
DC Supply Voltage 

(Between V + and V~ Terminals) 22 V 

Differntial-Mode 

Input Voltage ±15 v 

Common-Mode DC 

Input Voltage (V + + 8 V) to (V~ -0.5 V) 

Input-Terminal Current 1 mA 

Device Dissipation: 

Without Heat Sink — 

Up to 55° C 630 mW 

Above 55° C Derate linearly 6.67 mW/° C 

With Heat Sink - 

Up to 110° C 630 mW 

Above 110°C Derate linearly 16.7 mW°C 


Temperature Range: 

Operating (All Types) -55to+125°C 

Storage (All Types) -65 to +150° C 

Output Short-Circuit 

Duration* Indefinite 

Lead Temperature 
(During Soldering): 

At Distance 1/16 ± 1/32 Inch 
(1.59 ± 0.79 mm) from case 

For 10 seconds max +265° C 


‘Short circuit may be applied to ground or to either supply. 


3 


TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE 


Characteristic 

Test Conditions 

V+ = +10V; V- = -10V 

TA = 25° C 

— 

CA3420A 

(T,S,E) 

CA3420 

(T,S,E) 

Units 

Input Resistance 

R| 


150 

150 

TO 

Input Capacitance 

C| 


4.9 

4.9 

PF 

Output Resistance 

Ro 


300 

300 

O 

Equivalent Input 


f = 1 KHz 


62 

62 



en 





nV/y/Hz 

Noise Voltage 


f = 10 KHz 


38 

38 


1 Short-Circuit Current Source 






Source IOM+ 




2.6 

2.6 

mA 

To Opposite Supply 







Sink IOM- 




2.4 

2.4 

mA 

Gain-Bandwidth Product 

fT 


0.5 

0.5 

MHz 

Slew Rate 

SR 


0.5 

0.5 

V//js 

Transient Response 







Rise Time tr 


R L = 2KO 


0.7 

0.7 

JUS 

| Overshoot 

C L = 100 pF 

15 

15 

% 












20 

20 

M 

Current from Terminal 8 







To V+ 

•8- 


1 

2 

2 

mA 
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CA3420A, CA3420 


ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN 

At V+ = IV, V- = -IV, TA = 25°C unless otherwise specified 



Characteristic 


Input Offset Voltage |V|ol 


Input Offset Current |I|q1 * 


Input Current |l| | * 
Large-Signal Voltage Gain 
AOL (R L = 10 KO) 


Common-Mode 
Rejection Ratio CMRR 


Common-Mode Input VICR •+ 
Voltage Range VICR - 

Power Supply Rejection 
Ratio PSRR AVIO/AV 


Max Output Voltage VOM + 
RL = 00 VOM - 


Supply Current 1+ 


Device Dissipation Pq 


Input Offset Voltage 
Temp. Drift AVIO/AT 


CA3420A 

TT r 






















CA3420 

rr~ 








ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN 

At V+ = 10V, V- = -10V, TA = 25°C unless otherwise specified 


Characteristic 



Input Offset Voltage |V|o| 


Input Offset Current ||p| * 
Input Current |l|| * 


Large-Signal Voltage Gain 
AOL (Rl = 10K O) 


Common-Mode 
Rejection Ratio CMRR 


Common-Mode Input VICR + 
Voltage Range VICR - 


Power Supply Rejection 
Ratio PSRR AVIO/AV 


Max Output Voltage VOM + 
RL = 00 VOM - 


Supply Current 1+ 


Device Dissipation Pq 


Input Offset Voltage 
Temp. Drift AVIO/AT 


* The maximum limit represents the levels obtainable on high speed automatic test equipment. Typical values are obtained 
under laboratory conditions. 
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CA3420A, CA3420 



Fig. 1 - Functional diagram for CA3420. 
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Fig. 2 - Output-voltage-swing and common-mode input-voltage 
range versus supply voltage. 
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Fig. 3 - Output voltage versus load sourcing current. 


Fig. 4 - Output voltage versus load sinking current. 
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Fig. 6 - Open-loop gain and phase-shift response. 
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CA3420A, CA3420 


Application Circuits 


Picoameter Circuit 

The exceptionally low input current (typically 0.2 pA) 
makes the CA3420 highly suited for use in a picoameter 
circuit. With only a single 10K megohm resistor, this circuit 
covers the range from ±1.5 pA. Higher current ranges are 
possible with suitable switching techniques and current 
scaling resistors. Input transient protection is provided by 
the 1-megohm resistor in series with the input. Higher 
current ranges require that this resistor be reduced. The 
10-megohm resistor connected to pin 2 of the CA3420 
decouples the potentially high input capacitance often 
associated with lower current circuits and reduces the 
tendency for the circuit to oscillate under these conditions. 


High-Input-Resistance Voltmeter 

Advantage is taken of the high input impedance of the 
CA3420 in a high-input-resistance dc voltmeter. Only two 
1.5 V “AA” type penlite batteries power this exceedingly 
high-input resistance (>1 ,000,000-megohms) dc voltmeter. 
Full-scale deflection is ±500 mV, ±150 mV, and ±15 mV. 
Higher voltage ranges are easily added with external input 
voltage attenuator networks. 

The meter is placed in series with the gain network, thus 
eliminating the meter temperature coefficient error term. 

Supply current in the standby position with the meter 
undeflected is 300 /xA. At full-scale deflection this current 
rises to 800 /xA. Carbon-zinc battery life should be in excess 
of 1,000 hours. 


lOkMA 



+ 1.5 V 



Fig. 8 - High input resistance voltmeter. 
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CA3440A 

CA3440 

Nanopower BiMOS Operational Amp 


Features 

° Standby Power at V+ = 5V 300nW (Typ) 

• Supply Current, BW, Slew Rate Programmable Using 
External Resistor 

• Input Current 10pA(Typ) 

® 5V to 15V Supply 


• Output Drives Typical Bipolar-Type Loads 

• Low Cost 8-Lead Mini-DIP, TO-5 


Pinouts 

S AND T SUFFIXES 
TOP VIEW 


Description 

The CA3440A and CA3440* are integrated circuit opera- 
tional amplifiers that combine the advantages of MOS and 
bipolar transistors on a single monolithic chip. 

The CA3440A and CA3440 BiMOS op amps feature gate- 
protected PMOS transistors in the input circuit to provide 
very high input impedance and very low input current 
(1 OpA). These devices operate at total supply voltage from 
5 V to 1 5 V and can be operated over the temperature range 
from -55°C to *M25°C. Their virtues are programmability 
and very low standby power consumption (300nW). These 
operational amplifiers are internally phase compensated to 
achieve stable operation in the unity gain follower configu- 
ration. Terminals are also provided for use in applications 
requiring input offset voltage nulling. The use of PMOS in 
the input stage results in common-mode input voltage 
capability down to 0.5 V below the negative supply termi- 
nals, an important attribute for single supply applications. 
The output stage uses MOS complementary source follow- 
er form which permits moderate load driving capability 
(1 OKQ) at very low total standby currents (50nA). 

The CA3440A and CA3440 have the same 8-lead terminal 
pin-out used for “741” and other industry standard op 
amps with two exceptions: terminals one and five must be 
connected to the negative supply or to a potentiometer if 
nulling is required. Terminal 8 must be programmed 
through an external resistor returned to the negative supply. 

These devices are supplied in either the standard 8-lead 
TO-5 style package (T suffix), 8-lead dual-in-line formed- 
lead TO-5 style “DIL-CAN” package (S suffix), or in the 
8-lead dual-in-line plastic package “Mini-DIP” (E suffix). 

^Formerly Dev. Type No. TA10590. 


E SUFFIX 
TOP VIEW 


•set 




•set 

V+ 


OUTPUT 

v-/ 

OFFSET 

NULL 


FIGURE 1. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 
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CA3440A, CA3440 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE 

(BETWEEN V+ AND V- TERMINALS) 25 V 

DIFFERENTIAL-MODE INPUT VOLTAGE ±9 V 

COMMON-MODE DC INPUT VOLTAGE (V+ +8 V) to (V“ -0.5 V) 

INPUT-TERMINAL CURRENT 1mA 

DEVICE DISSIPATION: 

WITHOUT HEAT SINK — 

UP TO 55° C 630 mW 

ABOVE 55° C Derate linearly 6.67 mW/°C 

WITH HEAT SINK - 

AT 125°C 418 mW 

BELOW 125°C Derate linearly 16.7 mW/°C 

TEMPERATURE RANGE: 

OPERATING -55 to +125° C 

STORAGE -65 to +150° C 

OUTPUT SHORT-CIRCUIT DURATION INDEFINITE 

LEAD TEMPERATURE (DURING SOLDERING): 

AT DISTANCE 1/16 ± 1/32 IN. (1.59 ± 0.79 MM) FROM CASE FOR 10 SECONDS MAX +265°C 


TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE 


CHARACTERISTIC 

TEST CONDITIONS 

V+=+5 V; V“=-5 V 
RSET=10MQ; T A =25°C 

CA3440A 

CA3440 

UNITS 

Input Resistance, R| 


2 

2 ! 

TO 

Input Capacitance, Cj 


3.5 

3.5 

PF 

Ouput Resistance, R 0 


450 

450 

O 

Equivalent Input 

Noise Voltage, e n 

f= 1 kHz 

RS— 100 Q 

110 

110 

nV/\/Hz 

f=10 kHz 

110 

110 

Short-Circuit Current 

Source IOM+ 


15 

15 

mA 

To Opposite Supply 

Sink lOM" 


4.5 

4.5 

Gain-Bandwidth Product, fj 


63 

63 

kHz 

Slew Rate, SR 


0.03 

0.03 

V/ps 

Transient Response 

Rise Time, t r 

R[_= 10 kQ 

Cl= 100 pF 

5.6 

5.6 

fJS 

Overshoot 

10 

10 

% 


— r 
2> 

§uj 1.6 

g“ 




V 0 “ 





AMBIENT TEMPER 

ATURE (Ta1*25*C 

0.4 

s> 

0 

□ < 

>1-04 





(V + 0R V") 





||o8 




o> 

gt-I.Z 

<o 


~ 

“ ' VlCR - 



V ICR + 

sS-2 

1 1 1 1 



1 L — l 1 

—1 l v Q f | 1 


0 5V 10V 15V 

SUPPLY VOLTAGE (V + V-J—V 92CS-34298 


Fig. 1 - Output-voltage-swing and common-mode input-voltage 
range versus supply voltage. 
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ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN 

At V + = +5 V, V" = -5 V, Ta = 25° C Unless Otherwise Specified, RsET = 10 MO 



— 


LIMITS 




CHARACTERISTIC 


CA3440A 


CA3440 


UNITS 


Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Input Offset Voltage, |V|ol 

- 

2 

5 

- 

5 

10 

mV 

Input Offset Current, |l|ol 

— 

2.5 

20 

— 

2.5 

30 

pA 

Input Current, |l|| 

— 

10 

40 

— 

10 

50 

Large-Signal Voltage Gain, AOL 

10K 

100K 

— 

10K 

100K 

— 

V/V 

(R L =10KO) 

80 

100 

- 

80 

100 

- 

dB 

Common-Mode 

— 

100 

320 

— 

100 

320 

juV/V 

Rejection Ratio, CMRR 

70 

80 

— 

70 

80 

— 

dB 

Common-Mode Input VICR+ 

+3.5 

+3.7 

- 

+3.5 

+3.7 

- 

V 

Voltage Range, VICR~ 

-5.0 

-5.3 

- 

-5.0 

-5.3 

_ 

Power Supply Rejection Ratio, 

AVIO/AV 


32 

320 


32 

320 

/iV/V 

PSRR 

70 

90 

— 

70 

90 

— 

dB 

Maximum Output Voltage, 

VOM+ 

+3 

+3.2 

_ 

+3 

+3.2 



\/ 

VOM- 

-3 

-3.2 

- 

-3 

-3.2 

- 

V 

Supply Current, 1+ 

- 

10 

17 

- 

10 

17 

fJ A 

Device Dissipation, Pd 

— 

100 

170 

— 

100 

170 

p W 

Input Offset Voltage Temperature 


4 



4 


aA//°C 

Drift, AVIO/AT 











Fig. 3 -Total harmonic distortion percentage versus load resistance. pjg 4 _ 0utput voltage versus sourcing load current. 
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Fig. 5 - Output voltage versus sinking load current. 


Fig. 6 - Input noise voltage versus frequency. 
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CA3440A. CA3440 



Fig. 7 - Bandwidth versus set current. 



92CS-34303 

Fig. 8 - Slew rate versus set current. 



STAGE I STAGE 2 



92CS-34304 


Fig. 9 - Nanopower op amp (supply current programmable using 
RSET ) 1-pA typical input bias current, 4.0 to 15-volt supply. 


+ 5 V 



Fig. 10 - Nanopower op amp ( usable standby power versus 
programming resistor FI set)- 


As RsET is increased, IseT and the standby power decrease 
while the BW/SR also decreases. 

Operating at a +5 V single supply, the CA3440 exhibits the 
following characteristics: 


Standby 


Rset 

Power 

BW 

SR 

1 Mfi 

250 p\N 

164 kHz 

0.17 V///S 

10 MO 

25 p\N 

27 kHz 

0.017 V///S 

100 Mfi 

2.5 //W 

2.6 kHz 

.0017 M/pts 

1000 Mfi 

250 nW 

78 Hz 

0.00017 V///S 


The CA3440 is pin-compatible with the 741 except that pins 
1 and 5 (typical negative nulling pins) must be connected 
either directly to pin 4 or to a negative nulling potentiometer. 
In addition, pin 8, the IseT terminal, must be returned to 
either ground or -V via RsET- 
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GD HARRIS CA3450 

Video Line Driver, 

August 1991 High-Speed Operational Amplifier 


Features 

• High Open Loop Gain at Video Frequencies 

► Aol > 40 dB at f = 5MHz 

• Power Bandwidth of 10MHz; Aciosed Loop = 5 J 
V 0 = ±3.5V 

• Slew Rate at Full Load 330V/fisec (Av > 10) 

• fj = 220MHz; Cq = OpF With a Load of 50ft 1 1 20pF 1 1 
1MH (Scope Input) 

• VoUT = ±4.1V Into 75 H 

• Offset Null Terminals 

Applications 

• Video Line Driver 

• High-Frequency Unity Gain Buffer 

• Pulse Amplifier 

• High-Speed Comparator 

• High-Frequency Oscillator and Video Amplifiers 

• Driver for A/Ds in Video Applications 10MHz BW 


Description 

The CA3450* is a large signal video line driver and high 
speed operational amplifier capable of driving 50fl trans- 
mission lines and flash A/Ds. The uncompensated unity 
gain crossing occurs at 230MHz without load. It can oper- 
ate dual or single supplies of ±7.25V or 14.5V, respectively. 
The CA3450 can be compensated with a single capacitor 
network. It has output drive capability of 75mA SINK or 
SOURCE. The CA3450 is capable of driving Flash A/D’s in 
video or high-speed instrumentation (accurate) applica- 
tions with bandwidth up to 10MHz. Offset voltage nulling 
terminals are also available. 

The CA3450 is available in a 16-lead dual-in-line plastic 
package (E suffix). 

*Formerly RCA Development Type No. TA1 1371 A. 


Pinout 


16 PIN PLASTIC DIP 
TOP VIEW 


OFFSET NULL[T 


OFFSET NULL 

Nc|T 


15) NC 

- INPUT [T 


TT] + INPUT 

v ■ [T 


> 

m 

v-H 


ill v * 

v oE 


n] comp 

v+ (T 


To] NC 

v+ |T 


T] COMP 


Block Diagram 


&- 


£ 


<8)V+ 


BIAS CIRCUIT 


INPUT 
CURRENT 
COMPENSATED I 
DIFFERENTIAL 
AMPLIFIER 


DC 
LEVEL 
SHIFT 
STAGE 


iK K 

XI 80 > X0.50 > ( 


OUTPUT POWER 
DRIVER AND 
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STAGE 
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NULL 


PHASE 
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FIGURE 1. 


“0 

OUTPUT 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. dumber 1732 1 
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CA3450 


MAXIMUM RATINGS, Absolute- Maximum Values 


DC SUPPLY VOLTAGE (BETWEEN V+ AND V- TERMINAL) 14.5 V 

DIFFERENTIAL INPUT VOLTAGE ±5V 

DEVICE DISSIPATION: 

Up to 550C 1.5 W 

Above 55°C Derate linearly at 1 6.6 mW/°C 

OUTPUT CURRENT (SINK OR SOURCE) 1 00 mA 

TEMPERATURE RANGE 

Operating -40°C to 85°C 

Storage -650C to 150^0 

MAXIMUM JUNCTION TEMPERATURE 1 50°C 

MAXIMUM THERMAL RESISTANCE 

Junction to Air (0J- A) 60°C/W 

Junction to Case (OJ-C) 1 20C/W 

To pins 4, 5, 12, 13 at seat 


ELECTRICAL CHARACTERISTICS, At T A = 25°C, Cc = 5 pF, V+, V- = 6 V* 


LIMITS 


CHARACTERISTICS 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS | 

STATIC 

Input Offset Voltage, 1 V|q 1 

T A = 25°C 

— 

8 

20 

mV 

T A = -40°C to 85°C 

- 

10 

35 

Input Bias Current, 1 l|g I 

T A = 25°C 

- 

100 

400 

nA 

Input Offset Current, 1 I|q 1 

T a = 25°C 

- 

50 

200 

Open Loop DC Gain, Aql 

Vqut = ± 2.5 V; Rl = 50 a 

-40°C to 85°C 

55 

— 

— 

dB 

250C 

60 

70 

- 

Power Supply Rejection Ratio, Psrr 

AV = ±1 V 

55 

65 

- 

Common-Mode Rejection Ratio, Cmrr 

V, C r± = ±3.5V 

50 

60 

- 

Common-Mode Input Range, V|qr 

T A = -40°C to 85°C 

±3.0 

— 

— 

V 

T A = 25°C 

±3.5 

±3.7 

- 

Supply current, 1 

T A = -40°C to 85°C 

— 

— 

50 

mA 

T A = 25°C 

- 

30 

40 


*AII test are performed with ± 6 volts at the terminals of the device. 


A 10 ohm, lA watt supply decoupling resistor is shown in all application 
circuits of this device. The resistor serves two purpose, first provides a 
means of decoupling the 1C directly at its terminal without introducing 


additional supply resonance due to parallel connected capacitors. 
Secondly, it also provides protection for the device in event of a 
substained short circuit applied directly to the output terminals. 
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CA3450 


ELECTRICAL CHARACTERISTICS, At T A = 25°C, Cq = 5 pF, V+, V- = 6 V* 


CHARACTERISTICS 

CONDITIONS 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

DYNAMIC 

-3dB Bandwidth 

Ay = 1 (See Figure 3) 

C C = 5pF 

No Load 

— 

200 

— 

MHz 

R L = 1 Mftll 20 pF 

— 

190 

— 

R L =50 Ohmsll20pF 

- 

185 

- 

Bandwidth (Unity Gain Crossing) 

Ay = Open Loop 

Cc = 0 (See Figure 2) 

No Load 

210 

230 

— 

R L =20pF||l Mft 

180 

200 

— 

R|_ = 50 Ohms II 20 pF 

180 

220 

- 

Bandwidth (Unity Gain Crossing) 

Ay = 1 0, Cc = 0 pF 

R Feedback = 450 ft 

Rpin 3 - g = 50 ft (See Figure 3) 

No Load 

200 

210 

— 

50 ft 

175 

190 

— 

1 M I! 20 pF 

180 

195 

— 

50 ft I1 1 M II 20 pF 

170 

188 

- 

Transient Response, Overshoot 

A\/= 1, Cq = 5pF 

R|_ = 50 ft II 20 pF 

— 

30 

— 

% 

No Load 

— 

20 

— 

Ay>10, Cc = 0 pF, R(_ = 50 ft II 20 pF 

- 

10 

- 

Settling Time 

(See Figure 6) 

2 Volt Step 

R(_= 50 ft II 20 pF 

Ay = -1 , Cc = 5 pF, 0.1 %, 1 0 Bits 

— 

35 

— 

ns 

Ay = 1,Cc = 5pF, 0.1%, 10 Bits 

- 

50 

- 

Ay = 1 0, Cc = 0 pF, 0.1 %, 1 0 Bits 

— 

35 

— 

Ay = 1 0, Cc = 0 pF, 1 .0%, 7 Bits 

- 

25 

- 

Slew Rate, SR 

(See Figure 3) 

Ay = 1 , Cq = 5 pF 

No Load 

— 

220 

— 

V/jis 

R|_ = 50 ft II 20 pF 

- 

160 

- 

Ay> 10, Cc = 0pF 

No Load 

370 

440 

- 

R[_ = 50 ft II 20 pF 

300 

330 

- 

Power Bandwidth PBW (MHz) 

PBW = SR/tt Vpp 

Ay = 5, Cc = 5 pF 

V0UT=±3.5V 

No Load 

— 

10 

— 

MHz 

Rl_ = 50 ft II 20 pF 

- 

7.2 

— 

Ay >10, Cq = 0 pF 
V OU T=±2.0V 

No Load 

29 

35 

- 

R[_ = 50 ft II 20 pF 

24 

26 

- 

Input Noise Voltage e n 

f=1 KHz 

— 

12 

- 

nV/v/Hz 

Differential Gain 

See Figure 15 

— 

0.6 

— 

% 

Differential Phase 

- 


- 

Degrees 

•out 

Into +4 V or -4 V 

60 

75 

- 

mA 

Output Voltage Swing into 75 Ohms 

v OM+ 

3.9 

+4.1 

- 

V 

v OM~ 


-4.1 

- 

Input Capacitance, C| 

f=1 MHz 

- 


- 

PF 

Input Resistance, R| 


- 

1 

- 

Mft 

Output Resistance, RqUT 

See Figure 1 3, A = 1 , 30 MHz 

- 

4 

- 

ft 


*AII test are performed with ±6 volts at the terminals of the device. 
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CA3450 




M-Bonding wire to Chip Mounting Pad. 

Pins 12 and 13 Connected to Chip Mounting Pad. 
No Chip Pads for 2. 10. 12. 13. 15 


Figure 18 - Dimensions and pad layout for CA3450H. 


The photographs and dimensions of each CMOS chip represent a chip 
when it is part of the wafer. When the wafer is separated into individual 
chips, the angle of cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated chip, therefore, may 
differ slightly from the nominal dimensions shown. The user should 


consider a tolerance of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

Dimensions in parentheses are in millimeters and are derived from the 
basic inch dimensions as indicated. Scale graduations are in mils ( 10~ 3 
inch). 
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CA5130A 
C A5130 

BiMOS Microprocessor Operational Amplifiers 
With MOSFET Input/CMOS Output 


Features 

• MOSFET Input Stage 

► Very High Z| 1.5 TO (1.5 x 1 0'! 2ft) Typ. 

► Very Low l| 5pA Typ. at 1 5V Operation 

2pA Typ. at 5V Operation 

• Ideal for Single-Supply Applications 

• Common-Mode Input-Voltage Range Includes 
Negative Supply Rail; Input Terminals Can Be Swung 
0.5V Below Negative Supply Rail 

• CMOS Output Stage Permits Signal Swing to Either 
(or Both) Supply Rails 

• CA5130A, CAS 130 Have Full Military Temperature 
Range Guaranteed Specifications for V+ = 5V 

• CA5130A, CA5130 Are Guaranteed to Operate Down 
to V+ = 4.5V for Aol 

• CA5130A, CA5130 Are Guaranteed to Operate at 
±7.5 CA3130A, CA3130 Specifications 

Applications 

• Ground-Referenced Single Supply Amplifiers 

• Fast Sample-Hold Amplifiers 

• Long-Duration Timers/Monostables 

• High-Input-Impedance Comparators (Ideal Interface 
with Digital CMOS) 

• High-Input-Impedance Wideband Amplifiers 

• Voltage Followers (e.g. Follower for Single-Supply 
D/A Converter) 

• Voltage Regulators (Permits Control of Output 
Voltage Down to Zero Volts) 

• Peak Detectors 

• Single-Supply Full-Wave Precision Rectifiers 

• Photo-Diode Sensor Amplifiers 

• 5V Logic Systems 

• Microprocessor Interface 


Description 

CA5130A and CA5130 are integrated-circuit operational 
amplifiers that combine the advantage of both CMOS and 
bipolar transistors on a monolithic chip. They are designed 
and guaranteed to operate in microprocessors or logic 
systems that use +5V supplies. 

Gate-protected p-channel MOSFET (PMOS) transistors 
are used in the input circuit to provide very-high-input 
impedance, very-low-input current, and exceptional speed 
performance. The use of PMOS field-effect transistors in 
the input stage results in common-mode input-voltage 
capability down to 0.5 V below the negative-supply terminal, 
an important attribute in single-supply applications. 

A complementary-symmetry MOS (CMOS) transistor-pair, 
capable of swinging the output voltage to within lOmV of 
either supply-voltage terminal (at very high values of load 
impedance), is employed as the output circuit. 

The CA5130 Series circuits operate at supply voltages 
ranging from 4 to 16 volts, or ±2 to ±8 volts when using 
split supplies. They can be phase compensated with a sin- 
gle external capacitor, and have terminals for adjustment of 
offset voltage for applications requiring offset-null capabili- 
ty. Terminal provisions are also made to permit strobing of 
the output stage. 

The CA5130 Series is supplied in standard 8-lead TO-5 
style packages (T suffix) and 8-lead dual-in-line formed 
lead TO-5 style “DIL-CAN” packages (S suffix). The 
CA5130 is available in chip form (H suffix). The CA5130 
and CA51 30A are also available in the 8-lead Small Outline 
package (M suffix) and in the 8-lead dual-in-line plastic 
package (Mini-DIP E suffix). 

The CA5130A, CA5130 have guaranteed specifications for 
5V operation over the full military-temperature range of 
-55°C to 4*125°C. 


Pinouts 


S AND T SUFFIXES 
TOP VIEW 

PHASE 

COMPENSATION TAB 

OFFSET ) 

NULL ) 


E AND M SUFFIXES 
TOP VIEW 



OUTPUT 



AND CASE 


FIGURE 1. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 
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MAXIMUM RATINGS, Absolute-Maximum Values 


DC SUPPLY VOLTAGE 

(Between V + and V" Terminals) 16 V 

DIFFERENTIAL-MODE INPUT VOLTAGE ±8 V 

COMMON-MODE DC INPUT VOLTAGE (V + +8V) to (V" -0.5V) 

INPUT-TERMINAL CURRENT 1 mA 

DEVICE DISSIPATION: 

WITHOUT HEAT SINK - 

UP TO 55° C 630 mW 

ABOVE 55°C Derate Linearly 6.67 mW/°C 

WITH HEAT SINK - 

UP TO 90° C 1 W 

ABOVE 90°C Derate Linearly 16.7 mW/°C 

SMALL OUTLINE PACKAGE 250°/W 

TEMPERATURE RANGE: 

OPERATING (all types) -55 to +125° C 

STORAGE (all types) -65to+150°C 

OUTPUT SHORT-CIRCUIT DURATION * INDEFINITE 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 seconds max +265°C 


* Short circuit may be applied to ground or to either supply. 



DIODES D5 THROUGH D8 PROVIDE GATE -OXIDE PROTECTION 
FOR MOS/FET INPUT STAGE. 


Fig. 2 - Schematic diagram of the CA5130 series. 
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ELECTRICAL CHARACTERISTICS AT T A = 25° C, V+ = 5 V, V" = 0 V 


CHARACTERISTIC 

LIMITS 

UNITS 

CA5130A 

CA5130 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Input Offset Voltage V (0 

Vo = 2.5 V 

- 

1.5 

4 

- 

2 

10 

mV 

Input Offset Current lio 

Vo = 2.5 V 

- 

0.1 

5 

- 

0.1 

10 

pA 

Input Current h 

Vo = 2.5 V 

- 

2 

10 

- 

2 

15 

Common-Mode Rejection Ratio Cmrr 

Vcm = 0 to 1 V 


87 



■ 

■ 


Vcm = 0 to 2.5 V Cmrr 

60 

69 

— 

60 

mm 


Input Common-Mode Voltage Range 

V|CR + 

2.5 

2.8 

■ 



■ 


Vicr" 

— 

-0.5 

0 

— 


0 

Power-Supply Rejection Ratio Psrr 

A+ = 1 V; A- = 1 V 

60 

75 

■ 

55 

73 

— 

dB 

Large-Signal Voltage Gain* A 0 l 

Vo = 0.1 to 4.1V R l = oo 

100 

105 

■ 

— 



Vo = 0.1 to 3.6 V Rl= 10 k 

90 

97 

— 

mm 


— 

Source Current Isource 

Vo = 0 V 

1.0 

3.1 

4.0 

1.0 

2.6 

4.0 

mA 

Sink Current Isink 

Vo = 5 V 

1.0 

1.6 

4.0 

illy 

1.7 


Output Voltage Vout 

Rl = 00 Vom + 





5 


V 

Vom" 

— 

0 


— 

0 

0.01 

Rl = 10k Vom + 

4.4 

4.7 


4.4 

4.7 

— 

Vom" 


0 


— 

0 

0.01 

Rl = 2 k V 0M + 

2.5 

3.5 

— 

2.5 

3.5 


Vom" 

— 

0 

0.01 

— 

0 

0.01 

Supply Current Isupply 

Vo = 0 V 


50 

100 


50 

100 


Vo = 2.5 V Isupply 

— 

260 

400 



260 

400 


*For V + = 4.5 V and V“ = Gnd; Vout = 0.5 V to 3.2 V at R L = 10 k. 
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ELECTRICAL CHARACTERISTICS AT Ta = -55° C to +125° C, V + = 5 V, V“ = 0 V 


CHARACTERISTIC 


Input Offset Voltage 

Vo - 2.5 V 

Input Offset Current 

Vo - 2.5 V 

Input Current 

Vo = 2.5 V 

Common-Mode Rejection Ratio 

Vcm = 0 to 1 V 

Vcm = 0 to 2.5 V 

Input Common-Mode Voltage Range 


Power-Supply Rejection Ratio Psrr 

A + = 1 V; A" = 1 V 

Large-Signal Voltage Gain* Aol 

Vo = 0.1 to 4.1 V Rl = °° 

Vo = 0.1 to 3.6 V R L = 10 k 

Source Current Isource 

Vo = 0 V 

Sink Current Isink 

Vo = 5 V 

Output Voltage Vout 

Rl = 00 VoM + 

Vqm" 

Rl = 10 k Vqm + 

Vqm~ 

Rl = 2 k V 0M + 

VpM~ 

Supply Current Isupply 

Vo = 0 V 

Vo = 2.5 V Isupply 

*For V + = 4.5 V and V" = Gnd; Vout = 0.5 V to 3.2 V at R l = 10 k, 



MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Vio 


2 

10 

- 

3 

15 

lio 

- 

0.1 

5 

- 

0.1 

10 

1 . 


2 

10 

- 

2 

15 

Cmrr 

60 

80 


60 

80 


Cmrr 

55 

80 

— 

50 

80 

— 

V|CR + 

2.5 

2.8 


2.5 

2.8 


V ICR _ 

— 

- 0.5 

0 

— 

- 0.5 

0 

Psrr 

45 

70 

— 

40 

66 

— 

Aol 

Rl = 00 

94 

98 


90 

98 

_ 

o 

n 

DC 

80 

88 

— 

75 

85 

— 

Isource 

0.6 

2.2 

5.0 

0.6 

_ 

5.0 

Isink 

0.6 

1.15 

5.0 

0.6 

_ 

5.0 

Vout 

Vom + 

4.99 

5 

_ 

4.99 

5 

_ 

Vom" 

— 

0 

0.01 

— 

0 

0.01 

Vom + 

4.0 

4.6 

— 

4.0 

4.6 

— 

Vom" 

— 

0 

0.01 

— 

0 

0.01 

Vom + 

2.0 

3.0 

— 

2.0 

3.0 

— 

Vom" 

— 

0 

0.01 

— 

0 

0.01 

Isupply 


80 

220 


80 

220 

Isupply 



300 

500 



300 

500 
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CA5130A, CAB 130 


ELECTRICAL CHARACTERISTICS AT T A = 25° C, V+ = 15 V, V" = 0 V (Unless otherwise specified) 




LIMITS 


CHARACTERISTIC 


CA5130A 

CA5130 

UNITS 



MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 


Input Offset Voltage 

V± = ±7.5 V 

Vio 

- 

2 

5 

- 

8 

15 

mV 

Input Offset Current 

V± = ±7.5 V 

1 1 0 

- 

0.5 

20 

- 

0.5 

30 

pA 

Input Current li 

V± = ±7.5 V 

- 

5 

30 

- 

5 

50 

pA 

Large-Signal Voltage Gain 

Aol 

50 k 

320 k 

— 

50 k 

320 k 

— 

V/V 

Vo = 10 Vp-p, R L = 2 kQ 


94 

110 

— 

94 

110 

— 

dB 

Common-Mode Rejection Ratio 

Cmrr 

80 

90 

— 

70 

90 

— 

dB 

Common-Mode Input-Voltage Range 

V ICR 


-0.5 



-0.5 





10 

to 

0 

10 

to 

0 

V 




12 



12 



Power-Supply Rejection Ratio 

P SRR 








AV, 0 /AV± 

V± = ±7.5 V 


— 

32 

150 

— 

32 

320 

//V/V 

Maximum Output Voltage 









CM 

II 

cc 

< 

V 0M + 

12 

13.3 

— 

12 

13.3 

— 



Vom" 

— 

0.002 

0.01 

— 

0.002 

0.01 

V 

At R L = 00 

V OM + 

14.99 

15 

— 

14.99 

15 

— 



Vom“ 

— 

0 

0.01 

— 

0 

0.01 


Maximum Output Current 









Iom + (Source) @ Vo = 0 V 


12 

22 

45 

12 

22 

45 

mA 

Iom" (Sink) @ V 0 = 15 V 

12 

20 

45 

12 

20 

45 

Supply Current 

1 + 








Vo = 7.5 V, R L = oo 


— 

10 

15 

— 

10 

15 

mA 

Vo = 0 V, R l = °° 

— 

2 ! 

3 

— 

2 

3 

Input Offset Voltage Temp. Drift 

AVio/AT 

- 

10 


- 

10 

- 

//V/°C 
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TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE 


CHARACTERISTIC 

TEST CONDITIONS 

V+ = +7.5 V 

V- = -7.5 V 

T a = 25° C 

(Unless otherwise specified) 

TYPICAL VALUES 

UNITS 

CA5130A 

CA5130 

Input Offset Voltage 

Adjustment Range 

10 kQ across 

Terms. 4 and 5 or 4 and 1 

±22 

±22 

mV 

Input Resistance Ri 


1.5 

1.5 

TO 

Input Capacitance Ci 

f = 1 MHz 

4.3 

4.3 

pF 

Equivalent Input Noise 

Voltage e n 

BW = 0.2 MHz 

Rs = 1 MO* 

23 

23 

AV 

Unity Gain Crossover 

Frequency f T 

o 

ii 

O 

15 

15 

MHz 

C c = 47 pF 

4 

4 

Slew Rate, SR: 

Open Loop 

o 

n 

o 

O 

30 

30 

V///S 

Closed Loop 

Cc = 56 pF 

10 

10 

Transient Response: 

Rise Time t r 

C c = 56 pF 

Cl = 25 pF 

Rl = 2 kO 

(Voltage Follower) 

0.09 

0.09 

fJS 

Overshoot 

10 

10 

% 

Settling Time (4 Vp-p Input to 

<0.1%) 

1.2 

1.2 

fJS 


* Although a 1-MQ source is used for this test, the equivalent input noise remains constant for values of Rs up to 10 MO. 
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CA5130A, CAS 130 


CIRCUIT DESCRIPTION 

Fig. 3 is a block diagram of the CA5130 Series CMOS 
Operational Amplifiers. The input terminals may be operated 
down to0.5 V below the negative supply rail, and the output 
can be swung very close to either supply rail in many 
applications. Consequently, the CA5130 Series circuits are 
ideal for single-supply operation. Three Class A amplifier 
stages, having the individual gain capability and current 
consumption shown in Fig. 3, provide the total gain of the 
CA5130. A biasing circuit provides two potentials for 
common use in the first and second stages. T erm. 8 can be 
used both for phase compensation and to strobe the output 
stage into quiescence. When Term. 8 is tied to the negative 
supply rail (Term. 4) by mechanical or electrical means, the 
output potential at Term. 6 essentially rises to the positive 
supply-rail potential atTerm. 7. This condition of essentially 
zero current drain in the output stage under the strobed 
“OFF” condition can only be achieved when the ohmic load 
resistance presented to the amplifier is very high (e.g., when 
the amplifier output is used to drive CMOS digital circuits in 
comparator applications). 

Input Stages 

The circuit of the CA5130 is shown in Fig. 2. It consists of a 
differential-input stage using PMOS field-effect transistors 
(Q6, Q7) working into a mirror-pair of bipolar transistors 
(Q9, Q10) functioning as load resistors together with 
resistors R3 through R6. The mirror-pair transistors also 
function as a differential-to-single-ended converter to 
provide base drive to the second-stage bipolar transistor 
(Q11). Offset nulling, when desired, can be effected by 
connecting a 100,000-ohm potentiometer across Terms. 1 
and 5 and the potentiometer slider arm to T erm. 4. Cascode- 
connected PMOS transistors Q2, Q4 are the constant- 
current source for the input stage. The biasing circuit for 
the constant-current source is subsequently described. 
The small diodes D5 through D8 provide gate-oxide 
protection against high-voltage transients, e.g., including 
static electricity during handling for Q6 and Q7. 

Second-Stage 

Most of the voltage gain in the CA5130 is provided by the 
second amplifier stage, consisting of bipolar transistor Q1 1 
and its cascode-connected load resistance provided by 
PMOS transistors Q3 and Q5. The source of bias potentials 



TOTAL SUPPLY VOLTAGE (FOR INDICATED VOLTAGE GAINS) ■ 15 V 

* WITH INPUT TERMINALS BIASED SO THAT TERM 6 POTENTIAL 
IS +75 V ABOVE TERM A 

* WITH OUTPUT TERMINAL DRIVEN TO EITHER SUPPLY RAIL 


Fig. 3 - Block diagram of the CA5130 series. 


for these PMOS transistors is subsequently described. 
Miller-Effect compensation (roll-off) is accomplished by 
simply connecting a small capacitor between Terms. 1 and 
8. A 47-picofarad capacitor provides sufficient 
compensation for stable unity-gain operation in most 
applications. 

Bias-Source Circuit 

At total supply voltages, somewhat above 8.3 volts, resistor 
R2 and zener diode Z1 serve to establish a voltage of 8.3 
volts across the series-connected circuit, consisting of 
resistor R1 , diodes D1 through D4, and PMOS transistor Q1 . 
A tap at the junction of resistor R1 and diode D4 provides a 
gate-bias potential of about 4.5 volts for PMOS transistors 
Q4 and Q5 with respect to T erm. 7. A potential of about 2.2 
volts is developed across diode-connected PMOS transistor 
Q1 with respect to Term. 7 to provide gate bias for PMOS 
transistors Q2 and Q3. Itshould benotedthatQI is"mirror- 
connected” to both Q2 and Q3. Since transistors Q1, Q2, 
Q3 are designed to be identical, the approximately 200- 
microampere current in Q1 establishes a similar current in 
Q2 and Q3 as constant-current sources for both the first 
and second amplifier stages, respectively. 

At total supply voltages somewhat less than 8.3 volts, zener 
diode Z1 becomes non-conductive and the potential, 
developed across series-connected R1, D1-D4, and Q1, 
varies directely with variations in supply voltage, 
Consequently, the gate bias for Q4, Q5 and Q2, Q3 varies in 
accordance with supply-voltage variations. This variation 
results in deterioration of the power-supply-rejection ratio 
(PSRR) at total supply voltages below 8.3 volts. Operation 
at total supply voltages below about 4.5 volts results in 
seriously degraded performance. 

Output Stage 

The output stage consists of a drain-loaded inverting 
amplifier using CMOS transistors operating in the Class A 
mode. When operating into very high resistance load, the 
output can be swung within millivolts of either supply rail. 
Because the output stage is a drain-loaded amplifier, its 
gain is dependent upon the load impedance. The transfer 
characteristics of the output stage for a load returned to the 
negative supply rail . are shown in Fig. 6. Typical op-amp 
loads are readily driven by the output stage. Because large- 
signal excursions are non-linear, requiring feed-back for 
good waveform reproduction, transient delays may be 
encountered. As a voltage follower, the amplifier can 
achieve 0.01 percent accuracy levels, including the negative 
supply rail. 



Fig. 4 - Open-loop voltage gain and phase shift vs. frequency for 
various values of Cl, Cc, and Rl. 
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Fig. 5 - Open-loop gain vs. temperature. 


Fig. 6 - Voltage transfer characteristics of CMOS output stage. 




TOTAL SUPPLY VOLTAGE (V+)-V 


Fig. 7 - Quiescent supply current vs. supply voltage. 



Fig. 9 - Supply current vs. output voltage. 



Fig. Q - Quiescent supply current vs. supply voltage at several 
temperatures. 



LOAD RESISTANCE (k«) 


Fig. 10- Output voltage swing vs. load resistance. 



Fig. 12 - Output current vs. temperature. 
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Input Current Variation with Common-Mode Input Voltage 

As shown in the Table of Electrical Characteristics, the 
input current for the CA5130 Series Op-Amps is typically 5 
pA at T a = 25° C when terminals 2 and 3 are at a common- 
mode potential of +7.5 volts with respect to negative supply 
Terminal 4. Fig. 15 contains data showing the variation of 
input current as a function of common-mode input voltage 
at T a = 25°C. These data show that circuit designers can 
advantageously exploit these characteristics to design 
circuits which typically require an input current of less than 
1 pA, provided the common-mode input voltage does not 
exceed 2 volts. As previously noted, the input current is 
essentially the result of the leakage current through the 
gate-protection diodes in the input circuit and, therefore, a 
function of the applied voltage. Although the finite resistance 
of the glass terminal-to-case insulator of the TO-5 package 
also contributes an increment of leakage current, there are 
useful compensating factors. Because the gate-protection 
network functions as if it is connected to Terminal 4 
potential, and theTO-5 case of the CA51 30 is also internally 
tied to Terminal 4, input terminal 3 is essentially "guarded” 
from spurious leakage currents. 

Offset Nulling 

Offset-voltage nulling is usually accomplished with a 
100,000-ohm potentiometer connected across Terms. 1 and 
5 and with the potentiometer slider arm connected to T erm. 
4. A fine offset-null adjustment usually can be effected with 
the slider arm positioned in the mid-point of the 
potentiometer’s total range. 



Fig. 13 - Voltage across PMOS output transistor ( Q8 ) vs. load 
current. 



Fig. 15 - CA5130 input current vs. common-mode voltage. 


Input-Current Variation with Temperature 

The input current of the CA51 30 Series circuits is typically 5 
pA at 25° C. The major portion of this input current is due to 
leakage current through the gate-protective diodes in the 
input circuit. As with any semiconductor-junction device, 
including op amps with a junction-FET input stage, the 
leakage current approximately doubles for every 10°C 
increase in temperature. Fig. 1 6 provides data on the typical 
variation of input bias current as a function of temperature 
in the CA5130. 

In applications requiring the lowest practical input current 
and incremental increases in current because of "warm-up” 
effects, it is suggested that an appropriate heat sink be used 
with the CA5130. In addition, when "sinking” or "sourcing” 
significant output current the chip temperature increases, 
causing an increase in the input current. In such cases, 
heat-sinking can also very markedly reduce and stabilize 
input current variations. 

Input-Offset-Voltage (V to ) Variation with DC Bias vs. Device 
Operating Life 

It is well known that the characteristics of a MOS/FET 
device can change slightly when a dc gate-source bias 
potential is applied to the device for extended time periods. 
The magnitude of the change is increased at high 
temperatures. Users of the CA5130 should be alert to the 
possible impacts of this effect if the application of the 
device involves extended operation at high temperatures 
with a significant differential dc bias voltage applied across 



Fig. 14 - Voltage across NMOS output transistor ( Q12 ) vs. load 
current. 



Fig. 16 - Input current vs. ambient temperature. 
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T erms. 2 and 3. Fig. 1 7 shows typical data pertinent to shifts 
in offset voltage encountered with CA5130 devices (TO-5 
package) during life testing. At lower temperatures (TO-5 
and plastic), for example at 85°C, this change in voltage is 
considerably less. In typical linear applications where the 
differential voltage is small and symmetrical, these 
incremental changes are of about the same magnitude as 
those encountered in an operational amplifier employing a 
bipolar transistor input stage. The two-volt dc differential 
voltage example represents conditions when the amplifier 
output stage is “toggled”, e.g., as in comparator applications. 

Power-Supply Considerations 

Because the CA5130 is very useful in single-supply 
applications, it is pertinent to review some considerations 
relating to power-supply current consumption under both 
single- and dual-supply service. Figs. 18aand 18bshowthe 
CA5130 connected for both dual- and single-supply 
operation. 

Dual-supply operation: When the output voltage at T erm. 
6 is zero-volts, the currents supplied by the two power 
supplies are equal. When the gate terminals of Q8 and Q1 2 
are driven increasingly positive with respect to ground, 
current flow through Q12 (from the negative supply) to the 
load is increased and current flow through Q8 (from the 
positive supply) decreases correspondingly. When the gate 
terminals of Q8 and Q12 are driven increasingly negative 
with respectto ground, current flowthrough Q8 is increased 
and current flow through Q12 is decreased accordingly. 


Single-supply operation: Initially, let it be assumed that 
the value of Rl is very high (or disconnected), and that the 
input-terminal bias (Terms. 2 and 3) is such that the output 
terminal (No. 6) voltage is at V+/2, i.e., the voltage-drops 
across Q8 and Q12 are of equal magnitude. Fig. 7 shows 
typical quiescent supply-current vs. supply-voltage for the 
CA5130 operated under these conditions. Since the output 
stage is operating as a Class A amplifier, the supply-current 
will remain constant under dynamic operating conditions 
as long as the transistors are operated in the linear portion 
of their voltage-transfer characteristics (see Fig. 6). If either 
Q8 or Q12 are swung out of their linear regions toward 
cut-off (a non-linear region), there will be a corresponding 
reduction in supply-current. In the extreme case, e.g., with 
Term. 8 swung down toground potential (or tied to ground), 
NMOS transistor Q12 is completely cut off and the supply- 
current to series-connected transistors Q8, Q12 goes 
essentially to zero. The two preceeding stages in the 
CA51 30, however, continue to draw modest supply-current 
(seethe lowercurvein Fig. 7) even though the output stage 
isstrobed off. Fig. 14ashowsadual-supply arrangement for 
the output stage that can also be strobed off, assuming R L = 
by pulling the potential of Term. 8 down to that of Term. 
4. 

Let it now be assumed that a load-resistance of nominal 
value (e.g., 2 kilohms) is connected between Term. 6 and 
ground in the circuit of Fig. 18b. Let it further be assumed 
again that the input-terminal bias (Terms. 2 and 3) is such 
that the output terminal (No. 6) voltage is a V + /2. Since 
PMOS transistor Q8 must now supply quiescent current to 




Fig. 17 - Typical incremental offset-voltage shift vs. operating life. 




T POSITIVE 
{ SUPPLY 






(a) DUAL POWER-SUPPLY OPERATION 


(b) SINGLE POWER-SUPPLY OPERATION 


Fig. 18 - CA5130 output stage in dual and single power-supply operation. 
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both R l and transistor Q1 2, it should be apparent that under 
these conditions the supply-current must increase as an 
inverse function of the Rl magnitude. Fig. 9 shows the 
voltage-drop across PMOS transistor Q8 as a function of 
load current at several supply-voltages. Fig. 6 shows the 
voltage-transfer characteristics of the output stage for 
several values of load resistance. 

Wideband Noise 

From the standpoint of low-noise performance 
considerations, the use of the CA51 30 is most advantageous 
in applications where in the source resistance of the input 
signal is in the order of 1 megohm or more. In this case, the 
total input-referred noise voltage is typically only 23 pN 
when the test-circuit amplifier of Fig. 19 is operated at a 
total supply voltage of 15 volts. This value of total input- 
referred noise remains essentially constant, even though 
the value of source resistance is raised by an order of 
magnitude. This characteristic is due to the fact that 
reactance of the input capacitance becomes a significant 
factor in shunting the source resistance. It should be noted, 
however, that for values of source resistance very much 
greater than 1 megohm, the total noise voltage generated 
can be dominated by the thermal noise contributions of 
both the feedback and source resistors. 

TYPICAL APPLICATIONS 
Voltage Followers 

Operational amplifiers with very high input resistances, like 
the CA5130, are particularly suited to service as voltage 
followers. Fig. 20 shows the circuit of a classical voltage 
follower, together with pertinent waveforms using the 
CA5130 in a split-supply configuration. 

A voltage follower, operated from a single supply, is shown 
in Fig. 21, together with related waveforms. This follower 
circuit is linear over a wide dynamic range, as illustrated by 
the reproduction of the output waveform in Fig. 21a with 
input-signal ramping. The waveforms in Fig. 21 b show that 
the follower'does not lose its input-to-output phase-sense, 
even though the input is being swung 7.5 volts below 
ground potential. This unique characteristic is an important 
attribute in both operational amplifier and comparator 


applications. Fig. 21b also shows the manner in which the 
CMOS output stage permits the output signal to swing 
down to the negative supply-rail potential (i.e., ground in 
the case shown). The digital-to-analog converter (DAC) 
circuit, described in the following section, illustrates the 
practical use of the CA5130 in a single-supply voltage- 
follower application. 

9-Bit CMOS DAC 

A typical circuit of a 9-bit Digital-to-Analog Converter 
(DAC)* is shown in Fig. 22. This system combines the 
concepts of multiple-switch CMOS IC’s a low-cost ladder 
network of discrete metal-oxide-film resistors, a CA5130 op 
amp connected as a follower, and an inexpensive monolithic 
regulator in a simple single power-supply arrangement. An 
additional feature of the DAC is that it is readily interfaced 
with CMOS input logic, e.g., 10-volt logic levels are used in 
the circuit of Fig. 22. 

The circuit uses an R/2R voltage-ladder network, with the 
output potential obtained directly by terminating the ladder 
arms at either the positive or the negative power-supply 
terminal. Each CD4007A contains three “inverters”, each 
“inverter” functioning as a single-pole double-throw switch 
to terminate an arm of the R/2R network at either the 
positive or negative power-supply terminal. The resistor 
ladder is an assembly of one percent tolerance metal-oxide 
film resistors. The five arms requiring the highest accuracy 
are assembled with series and parallel combinations of 
806,000-ohm resistors from the same manufacturing lot. 

A single 15-volt supply provides a positive bus for the 
CA5130 follower amplifier and feeds the CA3085 voltage 
regulator. A “scale-adjust” function is provided by the 
regulator output control, set to a nominal 10-volt level in this 
system. The line-voltage regulation (approximately 0.2%) 
permits a 9-bit accuracy to be maintained with variations of 
several volts in the supply. The flexibility afforded by the 
CMOS building blocks simplifies the design of DAC systems 
tailored to particular needs. 


*“Digital-to-Analog Conversion Using the Harris CD4007A 
CMOS 1C”, Application Note ICAN-6080. 


+75 V 



Fig. 19 - CA5130 test-circuit amplifier (30 -dB gain) used for 
wideband noise measurements. 
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Top Trace: Output 
Bottom Trace: Input 

(a) Small-signal response {50 mV/div. and 200 ns/div.) 


Top Trace: Output signal (2 V/div. and 5//s/div.) 

Center T race: Difference signal (5 mV/div. and 5 /us/div.) 
Bottom Trace: Input signal (2 V/div. and 5 //s/div.) 

(b) Input-output difference signal showing settling time 
{Measurement made with Tektronix7A1 3 differential amplifier) 


Fig. 20 - CA5130 split-supply voltage follower with associated waveforms. 


Single-Supply, Absolute-Value, Ideal Full-Wave Rectifier 

The absolute-value circuit using the CA5130 is shown in 
Fig. 23. During positive excursions, the input signal is fed 
through the feedback network directly to the output. 
Simultaneously, the positive excursion of the input signal 
also drives the output terminal (No. 6) of the inverting 
amplifier in a negative-going excursion such that the 1 N91 4 
diode effectively disconnects the amplifier from the signal 
path. During a negative-going excursion of the input signal, 
the CA5130 functions as a normal inverting amplifier with a 
gain equal to -R2/R1 . When the equality of the two equations 
shown in Fig. 23 is satisfied, the full-wave output is 
symmetrical. 

Peak Detectors 

Peak-detector circuits are easily implemented with the 
CA5130, as illustrated in Fig. 24 for both the peak-positive 
and the peak-negative circuit. It should be noted that with 
large-signal inputs, the bandwidth of the peak-negative 
circuit is much less than that of the peak-positive circuit. 
The second stage of the CA5130 limits the bandwidth in this 
case. Negative-going output-signal excursion requires a 
positive-going signal excursion atthecollectorof transistor 
Q11, which is loaded by the intrinsic capacitance of the 


associated circuitry in this mode. On the other hand, during 
a negative-going signal excursion at the collector of Q1 1 , 
the transistor functions in active "pull-down” mode so that 
the intrinsic capacitance can be discharge more 
expeditiously. 

Error-Amplifier In Regulated-Power Supplies 

The CA5130 is an ideal choice for error-amplifier service in 
regulated power supplies since it can function as an error- 
amplifier when the regulated output voltage is required to 
approach zero. Fig. 25 shows the schematic diagram of a 
40-mA power supply capable of providing regulated output 
voltage by continuous adjustment over the range from 0 to 
13 volts. Q3 and Q4 in IC2 (a CA3086 transistor-array 1C) 
function as zerners to provide supply-voltage for the CA51 30 
comparator (IC1 ). Q1 , Q2, and Q5 in IC2 are configured as a 
low impedance, temperature-compensated source of 
adjustable reference voltage for the error amplifier. 

Transistors Q1, Q2, Q3, and Q4 in IC3 (another CA3086 
transistor-array 1C) are connected in parallel as the series- 
pass element. T ransistor Q5 in IC3 functions as a current- 
limiting device by diverting base drive from the series-pass 
transistors, in accordance with the adjustment of resistor 
R2. 
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(a) Output-waveform with input-signal ramping (2 V/div. and 500 
ps/div.) 


Top T race: Output (5 V/div. and 200 jus/div.) 
Bottom Trace: Input (5 V/div. and 200/ys/div.) 


( b ) Output-waveform with ground-reference sine-wave input 


Fig. 21 - Single-supply voltage-follower with associated waveforms. 
( e.g ., for use in single-supply D/A converter; see Fig. 9 in 
1C AN-6080). 


Fig. 26 contains the schematic diagram of a regulated 
power-supply capable of providing regulated output voltage 
by continuous adjustment over the range from 0.1 to 50 
volts and currents up to 1 ampere. The error amplifier (IC1 ) 
and circuitry associated with IC2 function as previously 
described, although the output of IC1 is boosted by a 
discrete transistor (Q4) to provide adequate base drive for 
the Darlington-connected series-pass transistors Q1, Q2. 
Transistor Q3 functions in the previously described 
current-limiting circuit. 

Multivibrators 

The exceptionally high input resistance presented by the 
CA5130 is an attractive feature for multivibrator circuit 
design because it permits the use of timing circuits with 
high R/C ratios. The circuit diagram of a pulse generator 
(astable multivibrator), with provisions for independent 
control of the “on”and “off” periods, is shown in Fig. 27, 
Resistors R1 and R2 are used to bias the CA5130 to the 
mid-point of the supply-voltage and R3 is the feedback 
resistor. The pulse repetition rate is selected by positioning 
SI to the desired position and the rate remains essentially 
constant when the resistors which determine “on-period” 
and “off-period” are adjusted. 

Function Generator 

Fig. 24 contains a schematic diagram of a function generator 
using the CA5130 in the integrator and threshold detector 


functions. This circuit generates a triangular or square- 
wave output that can be swept over a 1 ,000,000:1 range (0.1 
Hz to 100 kHz) by means of a single control, R1. A voltage- 
control input is also available for remote sweep-control. 

The heart of the frequency-determining system is an 
operational-transconductance-amplifier (OTA)*, I Cl , 
operated as a voltage-controlled current-source. The output, 
lo, is a current applied directly to the integrating capacitor, 
Cl, in the feedback loop of the integrator IC2, using a 
CA5130, to provide the triangular-wave output. 
Potentiometer R2 is used to adjust the circuit for slope 
symmetry of positive-going and negative-going signal 
excursions. 

Another CA5130, IC3, is used as a controlled switch to set 
the excursion limits of the triangular output from the 
integrator circuit. Capacitor C2 is a “peaking adjustment” to 
optimize the high-frequency square-wave performance of 
the circuit. 

Potentiometer R3 is adjustable to perfect the “amplitude 
symmetry” of the square-wave output signals. Output from 
the threshold detector is fed back via resistor R4 to the input 
of IC1 so asto toggle the current source from plusto minus 
in generating the linear triangular wave. 


*See File No. 475 and ICAN-6668. 
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REQUIRED 

BIT RATIO - MATCH 

1 STANDARD 

2 ± 01 % 

3 ±0 2% 

4 ± 04 % 

5 ±08% 

6-9 ±1% ABS 

ALL RESISTANCES IN OHMS 



FOR X * 0.5 : = — 

4 kft Rl 

R3 * 4 kfl (^ 3 -) * 6 kfl 

20 V p-p INPUT: BW(-3dB) * 230 kHz, DC OUTPUT (AVG.) *3.2 V 
I VOLT p-p INPUT: BW(-3dB) *130 kHz, DC OUTPUT (AVG.) =160 mV 


Top T race: Output signal (2 V/div.) 
Bottom Trace: Input signal (10 V/div.) 
Time base on both traces: 0.2 ms/div. 



Fig. 23 - CA5130 single-supply, absolute-value, ideal full-wave 
rectifier with associated waveforms. 
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Fig. 24 - CA51 30 peak-detector circuits. 


CURRENT 

LIMIT 



INPUT REGULATION: 0.02%/V 

HUM AND NOISE OUTPUT: < 25 /xV UP TO IOO kHz 

Fig. 25 - CA5130 voltage regulator circuit ( 0 to 13 V at 40 mA). 
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INPUT REGULATION: <O.OI%/V 

HUM AND NOISE OUTPUT: <250 jiV RMS UP TO 100 KHz 


Fig. 26 - CA5130 voltage regulator circuit ( 0.1 to 50 V at 1 A). 
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R4 



Operation with Output-Stage Power-Booster 

The current-sourcing and -sinking capability of the CA5130 
output stage is easily supplemented to provide power- 
boost capability. In the circuit of Fig. 29, three CMOS 
transistor-pairs in a single CA3600E* 1C array are shown 
parallel connected with the output stage in the CA5130. In 
the Class A mode of CA3600E shown, a typical device 


consumes 20 mA of supply current at 15-V operation. This 
arrangement boosts the current-handling capability of the 
CA5130 output stage by about 2.5X. 

The amplifier circuit in Fig. 29 employs feedback to establish 
a closed-loop gain of 48 dB. The typical large-signal 
bandwidth (-3 dB) is 50 kHz. 


*See File No. 619 for technical information. 


+ 15 V 
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CA5160 

BiMOS Microprocessor Operational Amplifiers 
August 1991 With MOSFET Input/CMOS Output 


Features 

• MOSFET Input Stage 


► Very High 7 .\ 1 .5TO (1 .5 x 1 0 1 2fl) Typ. 

► Very Low l| 5pA Typ. at 1 5 V Operation 

2pA Typ. at 5V Operation 


© Common-Mode Input Voltage Range Includes 
Negative Supply Rail; Input Terminals Can Be Swung 
0.5V Below Negative Supply Rail 

© CMOS Output Stage Permits Signal Swing to Either 
(or Both) Supply Rails 

©CA5160A, CAS 160 Have Full Military Temperature 
Range Guaranteed Specifications for V+ = 5V 

° CA5160A, CA5160 Are Guaranteed to Operate Down 
to 4.5V for Aql 

© CA5160A, CA5160 Are Guaranteed Up To +7.5 

Applications 

© Ground Referenced Single Supply Amplifiers 

• Fast Sample-Hold Amplifiers 

• Long Duration Timers/Monostables 

• Ideal Interface With Digital CMOS 

• High Input Impedance Wideband Amplifiers 

• Voltage Followers (e.g. Follower for Single Supply 
D/A Converter) 

• Wien-Bridge Oscillators 

© Voltage Controlled Oscillators 

© Photo Diode Sensor Amplifiers 

• 5V Logic Systems 

© Microprocessor Interface 


Description 

CA5160A and CA5160 are integrated circuit operational 
amplifiers that combine the advantage of both CMOS and 
bipolar transistors on a monolithic chip. The CA51 60 series 
circuits are frequency compensated versions of the popular 
CA51 30 series. They are designed and guaranteed to oper- 
ate in microprocessor or logic systems that use +5V 
supplies. 

Gate-protected p-channel MOSFET (PMOS) transistors 
are used in the input circuit to provide very high input 
impedance, very low input current, and exceptional speed 
performance. The use of PMOS field effect transistors in the 
input stage results in common-mode input voltage capabili- 
ty down to 0.5V below the negative supply terminal, an 
important attribute in single supply applications. 

A complementary symmetry MOS (CMOS) transistor pair, 
capable of swinging the output voltage to within lOmV of 
either supply voltage terminal (at very high values of load 
impedance), is employed as the output circuit. 

The CA5160 Series circuits operate at supply voltages 
ranging from 5 V to 16V, or ±2.5V to ±8 V when using split 
supplies, and have terminals for adjustment of offset voltage 
for applications requiring offset-null capability. Terminal 
provisions are also made to permit strobing of the output 
stage. 

The CA5160 Series is supplied in standard 8-lead TO-5 
style packages (T suffix), 8-lead dual-in-line formed lead 
TO-5 style "DIL-CAN” packages (S suffix), and 8-lead 
dual-in-line plastic package (Mini-DIP E suffix). The 
CA51 60 is available in chip form (H suffix). They have guar- 
anteed specifications for 5V operation over the full military 
temperature range of -55°C to +125°C. 


Pinouts 


S AND T SUFFIXES 
TOP VIEW 


E SUFFIX 
TOP VIEW 


SUPPLEMENTARY 

COMPENSATION 



OFFSET 

NULL 

INV. 

INPUT 

NON - INV. 
INPUT 

V ‘ 



STROBE 

V+ 

OUTPUT 

OFFSET 

NULL 


CA5160 Series devices have an on-chip frequency-compensation network. 
Supplementary phase-compensation or frequency roll-off (if desired) can be 
connected externally between terminals 1 and 8. 


FIGURE 1. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pj| e |sj um b er “\ 924.1 

Copyright © Harris Corporation 1991 
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MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE 

(Between V + and V” Terminals) 16 V 

DIFFERENTIAL-MODE 

INPUT VOLTAGE ±8V 

COMMON-MODE DC 

INPUT VOLTAGE (V + +8 V) to (V‘ -0.5 V) 

INPUT-TERMINAL CURRENT 1mA 

DEVICE DISSIPATION: 

WITHOUT HEAT SINK - 

UP TO 55° C 630 mW 

ABOVE 55° C Derate linearly 6.67 mW/°C 

WITH HEAT SINK - 

UP TO 90°C 1W 

ABOVE 90° C Derate linearly 16.7 mW/°C 


TEMPERATURE RANGE: 

OPERATING (All Types) -55 to +1 25° C 

STORAGE (All Types) -65 to +1 50° C 

OUTPUT SHORT-CIRCUIT 

DURATION* INDEFINITE 

LEAD TEMPERATURE 
(DURING SOLDERING): 


AT DISTANCE 1/16 ± 1/32 INCH 
(1.59 ± 0.79 MM) FROM CASE 

FOR 10 SECONDS MAX +265°C 

‘Short circuit may be applied to ground or to either supply. 



Fig. 2 — Schematic diagram of the CA5160 Series. 
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ELECTRICAL CHARACTERISTICS at T A = 25° C, V* = 5 V, V ~ = 0 V 




LIMITS 


CHARACTERISTIC 


CA5160A 

CA5160 

UNITS 



Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Input Offset Voltage 

Vo = 2.5 V 

Vio 

- 

1.5 

4 

- 

2 

10 

mV 

Input Offset Current 

Vo = 2.5 V 

lio 

- 

0.1 

5 

- 

0.1 

10 

pA 

Input Current 

Vo = 2.5 V 

1. 

- 

2 

10 

- 

2 

15 

Common-Mode Rejection Ratio 
Vcm = 0 to 1 V 

Cmrr 

75 

87 



70 

80 



dB 

Vcm = 0 to 2.5 V 

Cmrr 

60 

69 

_ 

60 

69 

— 


Input Common-Mode Voltage Range 

V |CR 

2.5 

2.8 


2.5 

2.8 


V 


V|CR 

— 

-0.5 

0 

— 

-0.5 

0 


Power-Supply Rejection Ratio 

A V + = 1 V; A V" = 1 V 

PsRR 

60 

75 

- 

55 

67 

- 

dB 

Large-Signal Voltage Gain* 

Vo = 0.1 to 4.1 V 

Aol 
Rl = 00 

100 

117 


95 

117 


Vo = 0.1 to 3.6 V 

Rl = 10k 

90 

102 

— 

85 

102 

— 


Source Current 

Vo = 0 V 

IsOURCE 

1.0 

3.1 

4.0 

1.0 

2.2 

4.0 

mA 

Sink Current 

Vo = 5 V 

IsiNK 

1.0 

1.6 

4.0 

1.0 

3.4 

4.0 

Output Voltage 

R L = 00 

VoUT 

VoM 

4.99 

5 


4.99 

5 




VoM 

— 

0 

0.01 

— 

0 

0.01 


o 

n 

_i 

oc 

VoM 

4.4 

4.7 

— 

4.4 

4.7 

— 


VoM 

- 

0 

0.01 

- 

0 

0.01 

V 

R L = 2k 

< 

o 

2 

2.5 

3.3 

— 

2.5 

3.3 

— 


Vom 

- 

0 

0.01 

-r- 

0 

0.01 


Supply Current 

Vo = 0 V 

1 SUPPLY 



50 

100 



50 

100 

M 

Vo = 2.5 V 

1 SUPPLY 

- 

320 

400 

- 

320 

400 


Tor V + = 4.5 V and V~ = GND; Vqut = 0.5 V to 3.2 V at R L = 10k 
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ELECTRICAL CHARACTERISTICS at T A = -55°C to +125° C, V* = 5 V, V~ = 0 V 


CHARACTERISTIC 

LIMITS 

UNITS 

CA5160A 

CA5160 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Input Offset Voltage Vio 

Vo = 2.5 V 

- 

2 

10 

- 

3 

15 

mV 

Input Offset Current lio 

Vo = 2.5 V 

- 

0.1 

5 

- 

0.1 

10 

nA 

Input Current h 

Vo = 2.5 V 

- 

2 

10 

- 

2 

15 

Common-Mode Rejection Ratio 

Vcm = 0 to 1 V Cmrr 

60 

80 



60 

80 



dB 

Vcm = 0 to 2.5 V Cmrr 

55 

80 

— 

50 

75 

— 

Input Common-Mode Voltage Range 

Vicr 

2.5 

2.8 



2.5 

2.8 

_ 

V 

V|CR 

— 

-0.5 

0 

— 

-0.5 

0 

Power-Supply Rejection Ratio Psrr 

A + = V + = 2 V 

45 

65 

- 

40 

60 

- 

dB 

Large-Signal Voltage Gain* Aol 

Vo = 0.1 to 4.1 V Rl = 00 

94 

110 


90 

110 


V 0 = 0.1 to 3.6 V Rl = 10k 

80 

100 

— 

75 

100 

— 

Source Current 

Vo - 0 V Isource 

0.6 

2.2 

5.0 

0.6 


5.0 

mA 

Sink Current 

Vo = 5 V IsiNK 

0.6 

1.15 

5.0 

0.6 

- 

5.0 

Output Voltage Vout 

Rl - 00 Vom + 

4.99 

5 


4.99 

5 


V 

VoM 

— 

0 

0.01 

— 

0 

0.01 

VoM 

4.0 

4.3 

— 

4.0 

4.3 

— 

Rl - 10k 

Vom 

— 

0 

0.01 

— 

0 

0.01 

VoM 

2.0 

2.5 

— 

2.0 

2.5 

— 

Rl = 2k 

Vom 

— 

0 

0.01 

— 

0 

0.01 

Supply Current Isupply 

V 0 = 0 V 


170 

220 


170 

220 


Vo = 2.5 V Isupply 

— 

410 

500 

— 

410 

500 


Tor V + = 4.5 V and V = GND; V OU r = 0.5 V to 3.2 V at R L = 10k 
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ELECTRICAL CHARACTERISTICS at T A = 25 QC, V+ = 15V, V~ = 0 V (Unless Otherwise Specified) 

I LIMITS 


CHARACTERISTIC 


Min. Typ. Max. Min. Typ. I Max. 


Input Offset Voltage 
V 1 = ±7.5 V 

Input Offset Current 
V 1 = ±7.5 V 

Input Current 
V ±= ±7.5 V 


Large-Signal Voltage Gain A 0 l 

50k 

320k 

- 

50k 

320k 

- 

V/V 

V 0 = 10 Vp-p, Rl = 2 kQ 

94 

110 

- 

94 

110 

- 

dB 

Common-Mode Rejection Ratio 

Cmrr 

80 

95 


70 

90 

- 

dB 

Common-Mode Input 

Voltage Range Vicr 

10 

-0.5 

to 

12 

0 

10 

-0.5 

to 

12 

0 

V 

Power-Supply Rejection Psrr 

Ratio, AVio/AV 1 



32 

150 



32 

320 

//V/V 


V* = ±7.5 V 

Maximum Output Voltage 

Rl = 2 kQ 

R L = oo 

Maximum Output Current 

Iom + (Source) @ 

V 0 = 0 V 

Iom” (Sink) @ 

V 0 = 15 V 
Supply Current 
Vo - 7.5 V 

Vo = 0 V 

Input Offset Voltage 
Temp. Drift, 

AVio/AT 


VoM 

12 

13.3 

VoM 

- 

0.002 

VoM 

14.99 

15 

VoM 

- 

0 

IOM 

12 

22 

IOM 

12 

20 

. 

r 



II = 00 

— 

10 

r 

= OO 


2 


- 

6 


13.3 — 

0.002 0.01 
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TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE 


CHARACTERISTIC 

TEST 

CONDITIONS 

CA5160/ 

CA5160A 

UNITS 

V + = +7.5 V 

V“ = -7.5 V 

T a = 25° C 
(Unless Other- 
wise Specified) 

Input Offset Voltage 

Adjustment Range 

10 kO across 

Terms 4 and 5 
or 4 and 1 

±22 

mV 

Input Resistance Ri 


1.5 

TO 

Input Capacitance Ci 

f = 1 MHz 

4.3 

PF 

Equivalent Input Noise e n 

Voltage 

BW = 

0.2 MHz 

Rs = 1 MO 
Rs = 10MO 

40 

50 

av 

Equivalent Input Noise e n 

Voltage 

Rs = 

100 0 

1 kHz 

10 kHz 

72 

30 

nV-v/TTz 

Unity Gain Crossover fr 

Frequency 


4 

MHz 

Slew Rate SR: 


10 

V//WS 

Transient Response: t r 

Rise Time 

Cl = 25 pF 

Rl = 2 kO 
(Voltage 

Follower) 

0.09 

fJS 

Overshoot 

10 

% 

Setting Time (4 V p - p 

Input to <0.1%) 

1.8 

fJS 


CIRCUIT DESCRIPTION 

Fig. 3 is a block diagram of the CA5160 series CMOS Oper- 
ational Amplifiers. The input terminals may be operated 
down to 0.5 V below the negative supply rail, and the output 
can be swung very close to either supply rail in many appli- 
cations. Consequently, the CA5160 series circuits are ideal 
for single-supply operation. Three class A amplifier stages, 
having the individual gain capability and current consump- 
tion shown in Fig. 3, provide the total gain of the CA5160. A 
biasing circuit provides two potentials for common use in 
the first and second stages. Terminals 8 and 1 can be used 
to supplement the internal phase compensation network if 
additional phase compensation or frequency roll-off is 
desired. Terminals 8 and 4 can also be used' to strobe the 
output stage into a low quiescent current state. When Ter- 
minal 8 is tied to the negative supply rail (Terminal 4) by 
mechanical or electrical means, the output potential at Ter- 


minal 6 essentially rises to the positive supply-rail potential 
at Terminal 7. This condition of essentially zero current 
drain in the output stage under the strobed “OFF” condition 
can only be achieved when the ohmic load resistance pre- 
sented to the amplifier is very high (e.g., when the amplifier 
output is used to drive CMOS digital circuits in comparator 
applications). 

Input Stages — The circuit of the CA5160 is shown in Fig. 2. 
It consists of a differential-input stage using PMOS field- 
effect transistors (Q6, Q7) working into a mirror-pair of bipo- 
lar transistors (Q9, Q10) functioning as load resistors to- 
gether with resistors R3 through R6. The mirror-pair 
transistors also function as a differential-to-single-ended con- 
verter to provide base drive to the second-stage bipolar tran- 
sistor (Q11). Offset nulling, when desired, can be effected by 
connecting a 100,000-ohm potentiometer across Terminals 1 
and 5 and the potentiometer slider arm to Terminal 4. 
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Cascode-connected PMOS transistors Q 2, Q4, are the 
constant-current source for the input stage. The biasing cur- 
cuit for the constant-current source is subsequently des- 
cribed. The small diodes D5 through D7 provide gate-oxide 
protection against high-voltage transients, e.g., including 
static electricity during handling for Q6 and Q7. 

Second-State — Most of the voltage gain in the CA5160 is 
provided by the second amplifier stage, consisting of bipolar 
transistor Q11 and its cascode-connected load resistance 
provided by PMOS transistors Q3 and Q5. The source of 
bias potentials for these PMOS tranistors is described later. 
Miller Effect compensation (roll off) is accomplished by 
means of the 30-pf capacitor and 2-kQ resistor connected 
between the base and collector of transistor Q11. These 
internal components provide sufficient compensation for 
unity gain operation in most applications. However, addi- 
tional compensation, if desired, may be used between Ter- 
minals 1 and 8. 

Bias-Source Circuit — At total supply voltages, somewhat 
above 8.3 volts, resistor R2 and zener diode Z1 serve to 
establish a voltage of 8.3 volts across the series-connected 
circuit, consisting of resistor R1, diodes D1 through D4, and 
PMOS transistor Q1. A tap at the junction of resistor R1 and 
diode D4 provides a gate-bias potential of about 4.5 volts for 
PMOS transistors Q4 and Q5 with respect to Terminal 7. A 
potential of about 2.2 volts is developed across diode- 
connected PMOS transistor Q1 with respect to, Terminal 7 to 
provide gate bias for PMOS transistors Q2 and Q3. It should 
be noted that Q1 is “mirror-connected” to both Q2 and Q3. 
Since transistors Q1, Q2, Q3 are designed to be identical, 
the approximately 200-microampere current in Q1 estab- 
lishes a similar current in Q2 and Q3 as constant-current 
sources for both the first and second amplifier stages, 
respectively. 

At total supply voltages somewhat less than 8.3 volts, zener 
diode Z1 becomes non-conductive and the potential, deve- 
loped across series-connected R1, D1-D4, and Q1, varies 
directly with variations in supply voltage. Consequently, the 
gate bias for Q4, Q5 and Q2, Q3 varies in accordance with 
supply-voltage variations. This variation results in deteriora- 
tion of the power-supply-rejection ration (PSRR) at total 
supply voltages below 8.3 volts. Operation at total supply 
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Fig. 4 — Open-loop voltage gain and phase shift 
vs. frequency. 


voltages below about 4.5 volts results in seriously degraded 
performance. 

Output Stage — The output stage consists of a drain-loaded 
inverting amplifier using CMOS transistors operating in the 
Class A mode. When operating into very high resistance 
loads, the output can be swung within millivolts of either 
supply rail. Because the output stage is a drain-loaded 
amplifier, its gain is dependent upon the load impedance. 
The transfer characteristics of the output stage for a load 
returned to the negative supply rail are shown in Fig. 6. Typi- 
cal op-amp loads are readily driven by the output stage. 
Because large-signal excursions are non-linear, requiring 
feedback for good waveform reproduction, transient delays 
may be encountered. As a voltage follower, the amplifier can 
achieve 0.01 per cent accuracy levels, including the negative 
supply rail. 


3 



TOTAL SUPPLY VOLTAGE (FOR INDICATED VOLTAGE GAINS) * 15 V 

* WITH INPUT TERMINALS BIASED SO THAT TERM 6 POTENTIAL 
IS +75 V ABOVE TERM 4 

* WITH OUTPUT TERMINAL DRIVEN TO EITHER SUPPLY RAIL 

Fig. 3 — Block diagram of the C A 51 60 Series. 



Fig. 5 — Open- loop gain vs. temperature. 
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Fig. 6 — Voltage transfer characteristics of CMOS 
output stage. 



Fig. 7 — Quiescent supply current vs. supply voltage. 



Fig. 8 — Quiescent supply current vs. supply voltage Fig. 9 — Supply current vs. output voltage, 

at several temperatures. 



Fig. 10 — Output voltage swing vs. load resistance. 


Fig. 11 — Output swing vs. load resistance. 



Fig. 12 — Output current vs. temperature. Fig. 13 — Voltage across PM OS output transistor (Q8) vs. 

load current. 
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Fig. 14 — Voltage across NMOS output transistor (Q12) vs. 
load current. 

Offset Nulling 

Offset-voltage nulling is usually accomplished with a 100,000- 
ohm potentiometer connected across Terminals 1 and 5 and 
with the potentiometer slider arm connected to Terminal 4. A 
fine offset-null adjustment usually can be affected with the 
slider arm positioned in the mid-point of the potentiometer’s 
total range. 

Input Current Variation with Common- 
Mode Input Voltage 

As shown in the Table of Electrical Characteristics, the input 
current for the CA5160 Series Op-Amps is typically 5 pA at 
T a = 25°C when Terminals 2 and 3 are at a common-mode 
potential of +7.5 volts with respect to negative supply Termi- 
nal 4. Fig. 16 contains data showing the variation of input 



Fig. 16 — CA5160 input current vs. common-mode voltage. 

current as a function of common-mode input voltage at T A = 
25° C. These data show that circuit designers can advantage- 
ously exploit these characteristics to design circuits which 
typically require an input current of less than 1 pA, provided 
the common-mode input voltage does not exceed 2 volts. As 
previously noted, the input current is essentially the result of 
the leakage current through the gate-protection diodes in 
the input curcuit and, therefore, a function of the applied 
voltage. Although the finite resistance of the glass terminal- 
to-case insulator of the TO-5 package also contributes an 
increment of leakage current, there are useful compensating 
factors. Because the gate-protection network functions as if 
it is connected to Terminal 4 potential, and the TO-5 case of 
the CA5160 is also internally tied to Terminal 4, input termi- 
nal 3 is essentially “guarded” from spurious leakage currents. 

Input-Current Variation with Temperature 

The input current of the CA5160 Series circuits is typically 5 



Fig. 15 — Equivalent noise voltage vs. frequency. 


pA at 25°C. The major portion of this input current is due to 
leakage current through the gate-protective diodes in the 
input circuit. As with any semiconductor-junction device, 
including op amps with a junction-FET input stage, the leak- 
age current approximately doubles for every 10°C increase 
in temperature. Fig. 17 provides data on the typical variation 
of input bias current as a function of temperature in the 
CA5160. 



Fig. 17 — Input current vs. ambient temperature. 

In applications requiring the lowest practical input current 
and incremental increases in current because of “warm-up” 
effects, it is suggested that an appropriate heat sink be used 
with the CA5160. In addition, when “sinking” or “sourcing” 
significant output current the chip temperature increases, 
causing an increase in the input current. In such cases, heat- 
sinking can also very markedly reduce and stabilize input 
current variations. 

Input-Offset-Voltage (V I0 ) Variation with 
DC Bias vs. Device Operating Life 

It is well known that the characteristics of a MOS/FET device 
can change slightly when a dc gate-source bias potential is 
applied to the device for extended time periods. The magni- 
tude of the change is increased at high temperatures. Users 
of the CA5160 should be alert to the possible impacts of this 
effect if the application of the device involves extended 
operation at high temperatures with a significant differential 
dc bias voltage applied across Terminals 2 and 3. Fig. 18 
shows typical data pertinent to shifts in offset voltage 
encountered with CA5160 devices in TO-5 packages during 
life testing. At lower temperatures (TO-5 and plastic) for 
example at 85° C, this change in voltage is considerably less. 
In typical linear applications where the differential voltage is 
small and symmetrical, these incremental changes are of 
about the same magnitude as those encountered in an oper- 
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Fig. 18 — Typical incremental offset-voltage shift 
vs. operating life. 

ational amplifier employing a bipolar transistor input stage. 
The two-volt dc differential voltage example represents con- 
ditions when the amplifier output state is “toggled”, e.g., as 
in comparator applications. 

Power-Supply Considerations 

Because the CA5160, is very useful in single-supply applica- 
tions, it is pertinent to review some considerations relating to 
power-supply current consumption under both single-and 
dual-supply service. Figs. 19 (a) and 19 (b) show the CA5160 
connected for both dual-and-single-supply operation. 

-r* 

POSITIVE 



J. 

% 


(a) DUAL POWER-SUPPLY OPERATION 


-n, 

~T~ POSITIVE 
i SUPPLY 



Fig. 19— CA5160 output stage in dual and single 
power-supply operation 

Dual-supply operation: When the output voltage at Terminal 
6 is zero-volts, the currents supplied by the two power supp- 
lies are equal. When the gate terminals of Q8 and Q12 are 
driven increasingly positive with respect to ground, current 
flow through Q12 (from the negative supply) to the load is 
increased and current flow through Q8 (from the positive 


supply) decreases correspondingly. When the gate terminals 
of Q8 and Q12 are driven increasingly negative with respect 
to ground, current flow through Q8 is increased and current 
flow through Q12 is decreased accordingly. 

Single-supply operation: Initially, let it be assumed that the 
value of R l is very high (or disconnected), and that the input- 
terminal bias (Terminals 2 and 3) is such that the output ter- 
minal (No. 6) voltage is at V + /2, i.e., the voltage-drops across 
Q8 and Q12 are of equal magnitude. Fig. 7 shows typical 
quiescent supply-current vs. supply-voltage for the CA5160 
operated under these conditions. Since the output stage is 
operating as a Class A amplifier, the supply-current will 
remain constant under dynamic operating conditions as long 
as the transistors are operated in the linear portion of their 
voltage-transfer characteristics (see Fig. 6). If either Q8 or 
Q12 are swung out of their linear regions toward cutoff (a 
non-linear region), there will be a corresponding reduction 
in supply-current. In the extreme case, e.g., with Terminal 8 
swung down to ground potential (or tied to ground), NMOS 
transistor Q12 is completely cut off and the supply-current to 
series-connected transistors Q8, Q12 goes essentially to 
zero. The two preceding stages in the CA5160, however, 
continue to draw modest supply-current (see the lower curve 
in Fig. 7) even though the output stage is strobed off. Fig. 
15(a) shows a dual-supply arrangement for the output stage 
that can also be strobed off, assuming R L = °°, by pulling the 
potential of Terminal 8 down to that of Terminal 4. 

Let it now be assumed that a load-resistance of nominal 
value (e.g., 2 kilohms) is connected between Terminal 6 and 
ground in the circuit of Fig. 19(b). Let it further be assumed 
again that the input-terminal bias (Terminals 2 and 3) is such 
that the output terminal (No. 6) voltage is V + /2. Since PMOS 
transistor Q8 must now supply quiescent current to both R L 
and transistor Q12, it should be apparent that under these 
conditions the supply-current must increase as an inverse 
function of the R L magnitude. Fig. 9 shows the voltage-drop 
across PMOS transistor Q8 as a function of load current at 
several supply voltages. Fig. 6 shows the voltage-transfer 
characteristics of the output state for several values of load 
resistance. 

Wideband Noise 

From the standpoint of low-noise performance considera- 
tions, the use of the CA5160 is most advantageous in appli- 
cations where in the source resistance of the input signal is 
in the order of 1 megohm or more. In this case, the total 
input-referred noise voltage is typically only 40 p\J when the 
test-circuit amplifier of Fig. 20 is operated at a total supply 


+75 V 



Fig. 20 — CA5160 Test-circuit amplifier (30-dB gain) used 
for wideband noise measurements. 
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voltage of 15 volts. This value of total input-referred noise 
remains essentially constant, even though the value of source 
resistance is raised by an order of magnitude. This charac- 
teristic is due to the fact that reactance of the input capacit- 
ance becomes a significant factor in shunting the source 
resistance. It should be noted, however, that for values of 
source resistance very much greater than 1 megohm, the 
total noise voltage generated can be dominated by the ther- 
mal noise contributions of both the feedback and source 
resistors. 

TYPICAL APPLICATIONS 
Voltage Followers 

Operational amplifiers with very high input resistances, like 
the CA5160, are particularly suited to service as voltage fol- 
lowers. Fig. 21 shows the circuit of a classical voltage fol- 
lower, together with pertinent waveforms using the CA5160 
in a split-supply configuration. 

A voltage follower, operated from a single-supply, is shown 
in Fig. 22 together with related waveforms. This follower cir- 
cuit is linear over a wide dynamic range, as illustrated by the 
reproduction of the output waveform in Fig. 22b with input- 
signal ramping. The waveforms in Fig. 22c show that the fol- 


lower does not lose its input-to-output phase-sense, even 
though the input is being swung 7.5 volts below ground 
potential. This unique characteristic is an important attribute 
in both operational amplifier and comparator applications. 
Fig. 22c also shows the manner in which the CMOS output 
stage permits the output signal to swing down to the nega- 
tive supply-rail potential (i.e., ground in the case shown). 
The digital-to-analog converter (DAC) circuit, described in 
the following section, illustrates the practical use of the 
CA5160 in a single-supply voltage-follower application. 

9-Bit CMOS DAC 

A typical circuit of a 9-bit Digital-to-Analog Converter (DAC)* 
is shown in Fig. 23. This system combines the concepts of 
multiple-switch CMOS IC’s, a low-cost ladder network of 
discrete metal-oxide-film resistors, a CA5160 op amp con- 
nected as a follower, and an inexpensive monolithic regula- 
tor in a simple single power-supply arrangement. An addi- 
tional feature of the DAC is that it is readily interfaced with 
CMOS input logic, e.g., 10-volt logic levels are used in the 
circuit of Fig. 23. 

*“DIgital-to-Analog Conversion Using the Harris CD4007A 
CMOS 1C”, Application Note ICAN-6080. 
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(c) Input-Output Difference Signal Showing 
Setting Time 
Top Trace: Output Signal 
Center Trace: Difference Signal 5 mV/div 
Bottom Trace: Input Signal 


Fig. 21 — Split-supply voltage follower with associated 
waveforms for CA5160. 
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+15 V 



Fig. 22 — CA5160 Single-supply voltage-follower with 
associated waveforms, (e.g., for use in single- 
supply D/A converter; see Fig. 9 in ICAN-6080.) 




(b) Output signal with input-signal ramping. 


92CS-28581 R1 

(c) Output-Waveform with Ground-Reference 
Sine- Wave Input 
Top Trace: Output 
Bottom Trace: Input 



Fig. 23 — 9-bit DAC using CMOS digital switches and CA5160. 
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The circuit uses an R/2R voltage-ladder network, with the 
output-potential obtained directly by terminating the ladder 
arms at either the positive or the negative power-supply ter- 
minal. Each CD4007A contains three "inverters", each “inver- 
ter” functioning as a single-pole double-throw switch to ter- 
minate an arm of the R/2R newtork at either the positive or 
negative power-supply terminal. The resistor ladder is an 
assembly of one per cent tolerance metal-oxide film resistors. 
The five arms requiring the highest accuracy are assembled 
with series and parallel combinations of 806,000-ohm resis- 
tors from the same manufacturing lot. 

A single 15-volt supply provides a positive bus for the 
CA5160 follower amplifier and feeds the CA3085 voltage regu- 
lator. A “scale-adjust” function is provided by the regulator 
output control, set to a nominal 10-volt level in this system: 
The line-voltage regulation (approximately 0.2%) permits a 
9-bit accuracy to be maintained with variations of several 
volts in the supply. The flexibility afforded by the CMOS 
building blocks simplifies the design of DAC systems tai- 


lored to particular needs. 

Error-Amplifier in Regulated Power Supplies 

The CA5160 is an ideal choice for error-amplifier service in 
regulated power supplies since it can function as an error- 
amplifier when the regulated output voltage is required to 
approach zero. 

The circuit shown in Fig. 24 uses a CA5160 as an error 
amplifier in a continuously adjustable 1-ampere power 
supply. One of the key features of this circuit is its ability to 
regulate down to the vicinity of zero volts with only one dc 
power supply input. 

An RC network, connected between the base of the output 
drive transistor and the input voltage, prevents “turn-on 
overshoot”, a condition typical of many operational-amplifier 
regulator circuits. As the amplifier becomes operational, this 
RC network ceases to have any influence on the regulator 
performance. 


3 



Fig. 24 — CA5160 Voltage regulator circuit (0.1 to 35 V at 1 A). 


Precision Voltage-Controlled Oscillator 

The circuit diagram of a precision voltage-controlled oscilla- 
tor is shown in Fig. 25. The oscillator operates with a track- 
ing error in the order of 0.02 percent and a temperature co- 
efficient of 0.01 %/°C. A multivibrator (Ai) generates pulses 
of constant amplitude (V) and width (T 2 ). Since the output 
(terminal 6) of Ai (a CA5130) can swing within about 10 mil- 
livolts of either supply-rail, the output pulse amplitude (V) is 
essentially equal to V+. The average output voltage (E avg = V 
T 2 /Ti) is applied to the non-inverting input terminal of com- 
parator A 2 (a CA5160) via an integrating network R 3 , C 2 . 
Comparator A 2 operates to establish circuit conditions such 
that E avg = VI. This circuit condition is accomplished by feed- 
ing an output signal from terminal 6 of A 2 through R 4 , D 4 to 
the inverting terminal (terminal 2) of Ai, thereby adjusting 


the multivibrator interval, T 3 . 

Voltmeter With High Input Resistance 

The voltmeter circuit shown in Fig. 26 illustrates an applica- 
tion in which a number of the CA5160 characteristics are 
exploited. Range-switch SW1 is ganged between input and 
output circuitry to permit selection of the proper output vol- 
tage for feedback to Terminal 2 via 10 KQ current-limiting 
resistor. The circuit is powered by a single 8.4-volt mercury 
battery. With zero input signal, the circuit consumes some- 
what less than 500 microamperes plus the meter current 
required to indicate a given voltage. Thus, at full-scale input, 
the total supply current rises to slightly more than 1500 
microamperes. 
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20 pF 



Fig. 27(a) — CA5160 1,000,000/1 single-control function 
generator — 1 MHz to 1 Hz. 
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Function Generator 

A function generator having a wide tuning range is shown in 
Fig. 27. The adjustment range, in excess of 1,000,000/1, is 
accomplished by a single potentiometer. Three operational 
amplifiers are utilized: a CA5160 as a voltage follower, a 
CA3080 as a high-speed comparator, and a second CA3080A 



Fig. 27(b) — Two-tone output signal from the function 
generator. A square-wave signal modulates 
the external sweeping input to produce 
1 Hz and 1 MHz, showing the 1,000,000/1 
frequency range of the function generator. 


Staircase Generator 

Fig. 28 shows a staircase generator circuit utilizing three 
CMOS operational amplifiers. Two CA5130’s are used; one 


as a programmable current source. Three variable capacitors 
Cl, C2, and C3 shape the triangular signal between 500 kHz 
and 1 MHz. Capacitors C4, C5 and the trimmer potentiome- 
ter in series with C5 maintain essentially constant (±10%) 
amplitude up to 1 MHz. 
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Fig. 27(c) — Triple-trace of the function generator 
sweeping to 1 MHz. The bottom trace 
is the sweeping signal and the top trace 
is the actual generator output. The 
center trace displays the 1 MHz signal 
via delayed oscilloscope triggering of 
the upper swept output signal. 


as a multivibrator, the other as a hysteresis switch. The third 
amplifier, a CA5160, is used as a linear staircase generator. 




Fig. 28(a) — Staircase generator circuit 

utilizing three CMOS operational amplifiers. 


Picoammeter Circuit 

Fig. 29 is a current-to-voltage converter configuration utiliz- 
ing a CA5160 and CA3140 to provide a picoampere meter for 
±3 pA full-scale meter deflection. By placing Terminals 2 and 
4 of the CA5160 at ground potential, the CA5160 input is 
operated in the “guarded mode”. Under this operating condi- 
tion, even slight leakage reistance present between Termi- 
nals 3 and 2 or between Terminals 3 and 4 would result in 
zero voltage across this leakage resistance, thus substan- 
tially reducing the leakage current. 


If the CA5160 is operated with the same voltage on input 
Terminals 3 and 2 as on Terminal 4, a further reduction in 
the input current to the less than one picoampere level can 
be achieved as shown in Fig. 16. 

To further enhance the stability of this circuit, the CA5160 
can be operated with its output (Terminal 6) near ground, 
thus markedly reducing the dissipation by reducing the 
supply current to the device. 

The CA3140 stage serves as a XI 00 gain stage to provide the 
required plus and minus output swing for the meter and 
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feedback network. A 100-to-1 voltage divider network con- 
sisting of a 9.9-KQ resistor in series with a 100-ohm resistor 
sets the voltage at the 10-KMQ resistor (in series with Termi- 
nal 3) to +30 mV full-scale deflection. This 30-mV signal 
results from ±3 volts appearing at the top of the voltage 
divider network which also drives the meter circuitry. 


By utilizing a switching technique in the meter circuit and in 
the 9.9 KQ and 100-ohm network similar to that used in 
voltmeter circuit shown in Fig. 26, a current range of 3 pA to 
1 nA full scale can be handled with the single 10-KMQ 
resistor. 



92CS- 28596 

Fig. 28 (b) — Staircase Generator Waveform 
Top Trace: Staircase Output 
2 Volt Steps 

Center Trace: Comparator 
Bottom Trace: Oscillator 


lOKMft 



Fig. 29 — Current-to-voltage converter to provide a 

picoammeter with ±3 pA full-scale deflection. 


Single-Supply Sample-and-Hold System 

Fig. 30 shows a single-supply sample-and-hold system using 
a CA5160 to provide a high input impedance and an input- 
voltage range of 0 to 10 volts. The output from the input 
buffer integrator network is coupled to a CA3080A. The 
CA3080A functions as a strobeable current source for the 
CA3140 output integrator and storage capacitor. The CA3140 
was chosen because of its low output impedance and con- 
stant gain-bandwidth product. Pulse “droop” during the hold 


interval can be reduced to zero by adjusting the 100-KQ 
bias-voltage potentiometer on the positive input of the 
CA3140. This zero adjustment sets the CA3080A output vol- 
tage at its zero current position. In this sample-and-hold cir- 
cuit it is essential that the amplifier bias current be reduced 
to zero to minimize output signal current during the hold 
mode. Even with 320 mV at the amplifier bias circuit terminal 
(5) at least ± 100 pA of output current will be available. 


3-226 


CA5160A, CA5160 


+ 15 V 



Fig. 30(a) - 


- Single-supply sample-and-hold system- 
input 0-to-10 volts. 




92CS-28595 


(b) — Sample-and-hold waveform. 
Top Trace: Sampled Output 
Center Trace: Input Signal 
Bottom Trace : Sampling Pulses 


(c) — Sample-and-hold waveform. 
Top Trace: Sampled Output 
Center Trace: Input 
Bottom Trace: Sampling Pulse 


Wien Bridge Oscillator 

A simple, single-supply Wien Bridge oscillator using a 
CA5160 is shown in Fig. 31. A pair of parallel-connected 
1N914 diodes comprise the gain-setting network which 
standardizes the output voltage at approximately 1.1 volts. 



Fig. 31 — CA5160 Single-supply Wien Bridge oscillator. 


The 500-ohm potentiometer is adjusted so that the oscillator 
will always start and the oscillation will be maintained. 
Increasing the amplitude of the voltage may lower the thresh- 
old level for starting and for sustaining the oscillation, but 
will introduce more distortion. 
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Operation with Output-Stage Power-Booster 

The current sourcing and sinking capability of the CA5160 supply current at 15-V operation. This arrangement boosts 

output stage is easily supplemented to provide power-boost the current-handling capability of the CA5160 output stage 

capability. In the circuit of Fig. 32, three CMOS transistor- by about 2.5X. 

pairs in a single CA3600 1C array are shown parallel-connect- The amplifier circuit in Fig. 32 employs feedback to establish 

ed with the output stage in the CA51 60. In the Class A mode a closed-loop gain of 20 dB. The typical large-signal- 

of CA3600E shown, a typical device consumes 20 mA of bandwidth (-3dB) is 190 kHz. 


+ 15 v 



TRANSISTORS pi, p2, p3 AND nl, n2, n3 
ARE PARALALEL - CONNECTED WITH QB 

AND Q12, RESPECTIVELY, OF THE 92CM- 28592 

CA5160 

Fig. 32 — CMOS transistor array (CA3600E) connected as 
power booster in the output stage of the CA5160. 
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CA5260A 

CA5260 

BiMOS Microprocessor Operational Amplifiers 
With MOSFET Input/CMOS Output 


Features 
® MOSFET Input Stage 


► Very High Z| 1 .5T CL (1 .5 x 1 ol 2ft) Typ. 

► Very Low l| 5pA Typ. at 1 5V Operation 

2pA Typ. at 5 V Operation 


• Ideal for Single-Supply Applications 

• Common-Mode Input Voltage Range Includes 
Negative Supply Rail; Input Terminals Can Be Swung 
0.5V Below Negative Supply Rail 

• CMOS Output Stage Permits Signal Swing to Either 
(or Both) Supply Rails 

® CA5260A, CA5260 Have Full Military Temperature 
Range Guaranteed Specifications V+ = 5V 
® CA5260A, CA5260 Are Guaranteed to Operate Down 
to 4.5V for AoL 

® Fully guaranteed to operate at -550C to +125°C at 
V+ = 5V, V- = Gnd 

Applications 

° Ground Referenced Single Supply Amplifiers 
° Fast Sample-Hold Amplifiers 
® Long Duration Timers/Monostables 
® Ideal Interface With Digital CMOS 
® High Input Impedance Wideband Amplifiers 
® Voltage Followers (e.g. Follower for Single Supply 
D/A Converter) 

® Voltage Regulators (Permits Control of Output 
Voltage Down to Zero Volts) 

® Wien-Bridge Oscillators 
® Voltage Controlled Oscillators 
® Photo Diode Sensor Amplifiers 
® 5V Logic Systems 
® Microprocessor Interface 


Description 

The CA5260A and CA5260 are integrated-circuit opera- 
tional amplifiers that combine the advantage of both CMOS 
and bipolar transistors on a monolithic chip. The CA5260 
series circuits are dual versions of the popular CA5160 
series. They are designed and guaranteed to operate in 
microprocessor or logic systems that use +5V supplies. 

Gate-protected p-channel MOSFET (PMOS) transistors 
are used in the input circuit to provide very-high-input 
impedance, very-low-input current, and exceptional speed 
performance. The use of PMOS field-effect transistors in 
the input stage results in common-mode input-voltage 
capability down to 0.5 V below the negative-supply terminal, 
an important attribute in single-supply applications. 

A complementary-symmetry MOS (CMOS) transistor-pair, 
capable of swinging the output voltage to within lOmV of 
either supply-voltage terminal (at very high values of load 
impedance), is employed as the output circuit. 

The CA5260 Series circuits operate at supply voltages 
ranging from 4.5V to 16V, or ±2.25 V to ±8 V when 
using split supplies. 

The CA5260 Series is supplied in standard 8-lead TO-5 
style packages (T suffix) and 8-lead dual-in-line formed 
lead TO-5 style “DIL-CAN” packages (S suffix). The 
CA5260 is available in chip form (H suffix). Both devices are 
also available in 8-lead Mini-DIP (E suffix) and 8-lead Small 
Outline (M suffix) packages. 

The CA5260A, CA5260 have guaranteed specifications for 
5V operation over the full military-temperature range of 
-55°C to +125°C. 


Pinouts S AND T SUFFIXES 

TOP VIEW 


E AND M SUFFIXES 
TOP VIEW 


INV. 

INPUT (A) 



INPUT (B) 



V+ 

OUTPUT (B) 
INV. 

INPUT (B) 
NON - INV. 
INPUT (B) 


NOTE: Pin compatible with the industry standard 1458 

FIGURE 1. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 
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MAXIMUM RATINGS, Absolute-Maximum Values 


DC SUPPLY VOLTAGE 

(Between V + and V" Terminals) 16 V 

DIFFERENTIAL-MODE INPUT VOLTAGE ±8 V 

COMMON-MODE DC INPUT VOLTAGE (V + +8V) to (V -0.5V) 

INPUT-TERMINAL CURRENT 1 mA 

DEVICE DISSIPATION: 

WITHOUT HEAT SINK- 

UP TO 55° C 630 mW 

ABOVE 55° C Derate Linearly 6.67 mW/°C 

WITH HEAT SINK - 

UP TO 90° C 1 W 

ABOVE 90° C Derate Linearly 16.7 mW/°C 

SMALL OUTLINE PACKAGE 250°/W 

TEMPERATURE RANGE: 

OPERATING (all types) -55 to +125°C 

STORAGE (all types) -65to+150°C 

OUTPUT SHORT-CIRCUIT DURATION * INDEFINITE 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 seconds max +265°C 


* Short circuit may be applied to ground or to either supply. 


TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE 
V+ = 5 V, V- = 0 V, T a = 25° C (Unless Otherwise Specified) 


CHARACTERISTIC 

TEST CONDITIONS 

TYPICAL VALUES 

UNITS 

CA5260A 

CA5260 

Input Resistance Ri 


1.5 

1.5 

TO 

Input Capacitance Ci 

f = 1 MHz 

4.3 

4.3 

PF 

Unity Gain Crossover Frequency U 


3 

3 

MHz 

Slew Rate SR 

v OUT = 2.5Vp_p 

5 

5 

V///S 

Transient Response: t r 

Rise Time 

C L = 25 pF 

Rl = 2 kQ 

(Voltage Follower) 

0.09 

0.09 

fJS 

Overshoot 

10 

10 

% 

Settling Time (4 V p - p Input to < 0.1%) 

1.8 

1.8 

V S 
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ELECTRICAL CHARACTERISTICS AT T A = 25° C, V+ = 5 V, V" = 0 V 


CHARACTERISTIC 

LIMITS 

UNITS 

CA5260A 

CA5260 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Input Offset Voltage Vio 

Vo = 2.5 V 

- 

1.5 

4 

- 

2 

15 

mV 

Input Offset Current lio 

Vo = 2.5 V 

- 

1 

10 

- 

1 

10 

pA 

Input Current h 

Vo = 2.5 V 

- 

2 

15 

- 

2 

15 

Common-Mode Rejection Ratio 

Vcm = 0 to 1 V Cmrr 

80 

85 


70 

85 


dB 

Vcm = 0 to 2.5 V Cmrr 

50 

55 

— 

50 

55 

— 

Input Common-Mode Voltage Range 

V|CR + 

2.5 

3 


2.5 

3 


V 

Vicr' 

— 

-0.5 

0 

— 

-0.5 

0 

Power-Supply Rejection Ratio Psrr 

A+ = 1 V; A- = 1 V 

75 

84 

— 

70 

84 

— 

dB 

Large-Signal Voltage Gain* Aol 

Vo = 0.5 to 4 V Rl = 00 

107 

113 

_ 

105 

111 



Vo = 0.5 to 3.6 V Rl = 10 k 

83 

86 

- 

80 

86 

- 

Source Current Isource 

Vo = 0 V 

1.75 

2.2 



1.75 

2.2 



mA 

Sink Current Isink 

Vo = 5 V 

1.70 

2 

_ 

1.70 

2 

_ 

Output Voltage Vout 

Rl = 00 Vom + 

4.99 

5 



4.99 

5 



V 

Vom" 

— 

0 

0.01 

— 

0 

0.01 

Rl = 10 k V 0M + 

4.4 

4.7 

— 

4.4 

4.7 

— 

Vom" 

— 

0 

0.01 

— 

0 

0.01 

Rl = 2 k V 0M + 

3 

3.4 

— 

3 

3.4 

- 

Vom" 

— 

0 

0.01 

- 

0 

0.01 

Supply Current Isupply 

V 0 = 0 V 

_ 

1.60 

2.0 



1.60 

2.0 

mA 

Vo = 2.5 V Isupply 

— 

1.80 

2.25 

— 

1.80 

2.25 


*For V + = 4.5 V and V" = Gnd; V OU r = 0.5 V to 3.2 V at R L = 10 k. 
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ELECTRICAL CHARACTERISTICS AT T A = -55°C to +125°C, V+ = 5 V, V- = 0 V 


CHARACTERISTIC 

LIMITS 


CA5260A 

CA5260 


m 


mu 



Input Offset Voltage V !0 

Vo = 2.5 V 



B 

B 

B 



Input Offset Current lio 

Vo = 2.5 V 

- 

B 


- 

B 

B 

D 

Input Current li 

Vo = 2.5 V 

- 

2 

15 

- 

2 

15 

Common-Mode Rejection Ratio 

Vcm = 0 to 1 V Cmrr 

65 

78 


60 

78 


dB 

Vcm = 0 to 2,5 V Cmrr 

50 

60 

— 

50 

60 

— 

Input Common-Mode Voltage Range 

V|CR + 

2.5 

3 


2.5 

3 


V 

V ICR - 

— 

-0.5 

0 

__ 

-0.5 

0 

Power-Supply Rejection Ratio Psrr 

A + = 1 V; A" = 1 V 

62 

65 


60 

65 


dB 

Large-Signal Voltage Gain * A 0 l 

Vo = 0.5 to 4 V R l = 00 

70 

78 


70 

78 


Vo = 0.5 to 3.6 V Rl = 10 k 

60 

65 

— 

60 

65 

— 

Source Current Isource 

V 0 = 0 V 

1.3 

1.6 


1.3 

1.6 


mA 

Sink Current Isink 

V 0 = 5 V 

1.2 

1.4 


1.2 

1.4 


Output Voltage V 0 ut 

Rl = 00 V 0M + 

4.99 

5 


4.99 

5 


V 

Vom" 

— 

0 

0.01 

— 

0 

0.01 

Rl = 10 k Vom + 

4.2 

4.4 

— 

4.2 

4.4 

— 

Vom" 

— 

0 

0.01 

— 

0 

0.01 

Rl = 2 k Vom + 

2.5 

2.7 

— 

2.5 

2.7 

— 

Vom" 

— 

0 

0.01 

— 

0 

0.01 

Supply Current Isupply 

Vo = 0 V 

_ 

1.65 

2.2 

_ 

1.65 

2.2 

mA 

Vo = 2.5 V Isupply 

— 

1.95 

2.35 

— 

1.95 

2.35 


‘For V + = 4.5 V and V" = Gnd; Vout = 0.5 V to 3.2 V at R L = 10 k. 
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ELECTRICAL CHARACTERISTICS for Each Amplifier at T A = 25° C, V+ = 15 V, V" = 0 V (Unless otherwise specified) 




LIMITS 


CHARACTERISTIC 


CA5260A 

CA5260 

UNITS 



MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 


Input Offset Voltage 

V± = ±7.5 V 

Vio 

- 

2 

5 

- 

6 

15 

mV 

Input Offset Current 

V± = ±7.5 V 

ho 

- 

0.5 

20 

- 

0.5 

30 

pA 

Input Current 

V± = ±7.5 V 

1. 

- 

5 

30 

- 

5 

50 

pA 

Large-Signal Voltage Gain 

Aol 

50 k 

320 k 

— 

50 k 

320 k 

— 

V/V 

Vo = 10 Vp-p f Rl = 10 kfi 


94 

110 

— 

94 

110 

— 

dB 

Common-Mode Rejection Ratio 

Cmrr 

80 

95 

— 

70 

90 

— 

dB 

Common-Mode Input Voltage Range 

VlCR 


-0.5 



-0.5 





10 

to 

0 

10 

to 

0 

V 




12 



12 



Power-Supply Rejection Ratio, AV (0 /AV± 

V± = ±7.5 V 

PsRR 

- 

32 

150 

- 

32 

320 

/iV/V 

Maximum Output Voltage: 









At R L =10kO 

V 0M + 

11 

13.3 

— 

11 

13.3 

— 



Vom“ 



0.002 

0.01 



0.002 

0.01 


At R L = 00 

VoM + 

14.99 

15 



14.99 

15 

— 

V 


Vom“ 



0 

0.01 



0 

0.01 


Maximum Output Current 









Iom + (Source) <av 0 = 7.5 V 


12 

22 

45 

12 

22 

45 

mA 

Iom" (Sink) (5) Vo = 7.5 V 

12 

20 

45 

12 

20 

45 

Total Supply Current 

l + 








R L = co 









Vo (Ampli. A) = Vo (Ampli. B) = 7.5 V 




9 

16.5 

— 

9 

16.5 


Vo (Ampli. A) = Vo (Ampli. B) = 0 V 



1.2 

4 



1.2 

4 

mA 

Vo (Ampli. A) = 0 V, V G (Ampli. B) = 7.5 V 



5 

9.5 

1 

5 

9.5 


Input Offset Voltage Temp. Drift 

AVio/AT 



6 




8 



u\i/° c 

Crosstalk f = 1 kHz 

- 

120 

- 

- 

120 

- 

dB 
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CA 54204 
CA 5420 

Low-Supply Voltage, Low-Input Current 
BiMOS Operational Amplifiers 


Features 

• CA5420A, CA5420 at 5V Supply Voltage With 
Full Military Temperature Range Guaranteed 
Specifications 

• 5420A, CA5420 Guaranteed to Operate From 
±1V to ±10V Supplies 

• 2 V Supply at 300|jA Supply Current 


Description 

The CA5420A and CA5420* are integrated circuit operational 
amplifiers that combine PMOS transistors and bipolar transistors 
on a single monolithic chip. They are designed and guaranteed to 
operate in microprocessor logic systems that use V+ = 5V, 
V- = Gnd, since they can operate down to ±1 V supplies. They will 
also be suitable for 3.3V logic systems. 


• IpA (Typ.) Input Current (Essentially Constant 
to +85°C) 

• Rail-to-Rail Output Swing (Drive ±2mA Into 
Ikn Load) 

• Pin Compatible With 741 Op Amp 

Applications 

• pH Probe Amplifiers 

• Picoammeters 

• Electrometer (High Z) Instruments 

• Portable Equipment 

• Inaccessible Field Equipment 

• Battery Dependent Equipment 
(Medical and Military) 

• 5V Logic Systems 

• Microprocessor Interface 


The CA5420A and CA5420 BiMOS operational amplifiers 
feature gate-protected PMOS transistors in the input circuit to 
provide very high input impedance, very low input currents (less 
than 1 pA). The internal bootstrapping network features a unique 
guardbanding technique for reducing the doubling of leakage 
current for every 10°C increase in temperature. The CA5420 ser- 
ies operates at total supply voltages from 2 V to 20 V either single 
or dual supply. These operational amplifiers are internally phase 
compensated to achieve stable operation in the unity gain follow- 
er configuration. Additionally, they have access terminals for a 
supplementary external capacitor if additional frequency roll-off 
is desired. Terminals are also provided for use in applications re- 
quiring input offset voltage nulling. The use of PMOS in the input 
stage results in common-mode input voltage capability down to 
0.45V below the negative supply terminal, an important attribute 
for single supply application. The output stage uses a feedback 
OTA-type amplifier that can swing essentially from rail— to— rail. 
The output driving current of 1.0mA (min) is provided by using 
non-linear current mirrors. 

These devices have guaranteed specifications for 5 V operation 
over the full military temperature range of -550C to +1250C. 


The CA5420 series has the same 8-lead pin-out used for the in- 
dustry standard 741. They are supplied in the standard 8-lead 
TO-5 style package (S suffix, and T suffix); in the standard 8-lead 
dual-in-line plastic package (Mini-DIP - E suffix), and are also 
available in chip form (H suffix). 

^Formerly Dev. Type No. TA10S41 


Pinouts 

S AND T SUFFIXES 
TOP VIEW 



NOTE: Pin 4 is connected to Case 


E SUFFIX 
TOP VIEW 


OFFSET 
NULL 
INV. 
INPUT 
NON • INV. 
INPUT 

V ‘ 



STROBE 

v + 

OUTPUT 

OFFSET 

NULL 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1925.1 
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MAXIMUM RATINGS, Absolute-Maximum Values ( T c = 25° C): 


DC SUPPLY VOLTAGE (BETWEEN V + AND V" TERMINALS 22 V 

DIFFERENTIAL-MODE INPUT VOLTAGE ±15 V 

COMMON-MODE DC INPUT VOLTAGE (V + +8 V) to (V“ -0.5 V) 

INPUT-TERMINAL CURRENT 1 mA 

DEVICE DISSIPATION: 

WITHOUT HEATSINK 

Up to 55° C 630 mW 

Above 55° C Derate linearly 6.67 mW/°C 

WITH HEAT SINK 

Up to 110°C 630 mW 

Above 110°C Derate linearly 16.7 mW/°C 

TEMPERATURE RANGE: 

OPERATING (ALL TYPES) -55 to +125°C 

STORAGE (ALL TYPES) -65 to +150°C 

OUTPUT SHORT-CIRCUIT DURATION* Indefinite 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max +265° C 


*Short circuit may be applied to ground or to either supply. 


TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE 


CHARACTERISTIC 

TEST CONDITIONS 

V+ = +5V; V” = Gnd 

Ta = 25°C 

CA5420A 

(T,S,E) 

CA5420 

(T,S,E) 

UNITS 

Input Resistance 

R| 


150 

150 

1CL 

Input Capacitance 

C| 


4.9 

4.9 

PF 


Ro 


300 

300 

n 

Equivalent Input 


f=1 kHz 


62 




©n 


r s = loon 



nV/^/Hz 

Noise Voltage 


f= 10kHz 


38 



Short-Circuit Current Source 







Source loM + 




2.6 

2.6 

mA 

To Opposite Supply 






SinkloM” 




2.4 

2.4 


Gain-Bandwidth Product 

*T 


0.5 

0.5 

MHz 

Slew Rate 

SR 


0.5 

0.5 

V/ps 

Transient Response 







Rise Time, t r 


r l = 

2kH 

0.7 

0.7 

|IS 

| Overshoot 

C[_= 100pF 

15 

15 

% 

Current from Terminal 8 







ToV- 

18+ 



20 

20 

pA 

Current from Terminal 8 







ToV+ 

»8" 



2 

2 

mA 

Settling Time 

.01% 

II 

> 

< 

2V p -p Input 

8 

8 

ps 


.10% 

| A V = 1 

2V p _p Input 

4.5 

4.5 

ps 
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CA5420A, CA5420 


ELECTRICAL CHARACTERISTICS at Ta = 25°C, V + = 5 V, V" = 0 V 


CHARACTERISTIC 

LIMITS 

UNITS 

CA5420A 

CA5420 


Era 

w 1 , rrm 

mum 



Input Offset Voltage 

Vo = 2.5 V V '° 

_ 

1 

5 

- 

1.5 

10 


Input Offset Current 

Vo = 2.5 V 1,0 

- 

0.02 

0.5 

| 

0.02 

B 

B 

Input Current 

Vo = 2.5 V h 

- 


B 

- 

0.02 

2 

Common-Mode Rejection Ratio 

Vcm = 0 to 3.7 V; Vo = 2.5 V Cmrr 

75 

83 

- 



- 

dB 

Input Common-Mode Voltage Range 

Vo = 2.5 V V,cr + 

b 

H 

_ 

B 

B 




Vicr" 

— 

HQn|| 

0 

— 

kei 

0 

Power-Supply Rejection Ratio Psrr 

A + = 1 V; A" = 1 V 





70 

80 



1 

Large-Signal Voltage Gain Aol 

V 0 = 0.5 to 4 V R l = oo 

85 

87 



85 




V Q = 0.5 to 4 V R L = 10k 

85 

87 

— 

85 

87 

— 

V 0 = 0.7 to 3 V Rl = 2k 

80 

85 

— 

80 

85 

— 

Source Current 

Vo = 0 V ls0URCE 

1.2 

□ 

— 


B 

- 

mA 

Sink Current 

Vo = 5 V lslNK 

El 

2.1 

- 

1.2 

2.1 

- 

Output Voltage V 0 ut 

Rl = 00 V 0M + 

1 

4.94 

_ 

B 

4.94 

B 

V 

VOM" 

— 


M*WM 

— 

hiifclh 

Ktlf 

Rl = 10k Vom + 

4.7 

4.9 

-j 

4.7 

■ ■ 


VOM” 

— 



— 



Rl = 2k Vom + 

K£fll 

4.6 

— 1 

HE^Hi 

mm 

- 

Vom“ 

— 

0.1 

ESQI 

— 

0.1 

WtKIM 

Supply Current Isupply 

V 0 = 0 V 

- 

400 

500 

- 

400 

500 

pA 

Vo = 2.5 V Isupply 

— 

KE 2 I 
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Fig. 2 - Output-voltage-swing and common-mode input-voltage 
range vs supply voltage. 
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CA5420A. CA5420 


ELECTRICAL CHARACTERISTICS at Ta = -55° C to +125°C, V+ = 5 V, V" = 0 V 


CHARACTERISTIC 

LIMITS 

UNITS 

CA5420A 

CA5420 

■!inw 

Typ. 

b?, mu 

mnH 

EES 

mmm 


Input Offset Voltage 

Vo = 2.5 V V '° 

- 


10 

- 




Input Offset Current ho 

— 

1.5 

3 

— 

1.5 

3 


Vo = 2.5 V (Up to Ta = 85° C) ho 

— 

2 

10 

— 

2 

10 


Input Current Ihl 

— 

2 

5 

— 

2 

5 

nAj 

Vo = 2.5 V (Up to Ta = 85° C) | !■ 1 

— 

10 

15 

— 

HEH 

25 

HSU 

Common-Mode Rejection Ratio 

Vcm = 0 to 3.7 V; V 0 = 2.5 V ° MRR 

70 

80 

- 



- 

B 

Input Common-Mode Voltage Range 

Vo = 2.5 V V,cr + 

m 

H 



BH 

B 



V 

Vicr" 

— 

hseh 

0 

— 

-0.3 

0 

Power-Supply Rejection Ratio Psrr 

A + = 1 V; A- = 1 V 

70 

83 

_ 

65 

80 

_ 


Large-Signal Voltage Gain A 0 l 

V Q = 0.5 to 4 V Rl = 00 


VI 

_ 

80 

85 


V Q = 0.7 to 4 V Rl = 10k 

80 

mm 

— 

80 

85 

— 

Vqut = 0>7 t0 25 V Rl = 2k 

75 

80 

— 

75 

80 

— 

Source Current 

V 0 = 0 V ls0URCE 


B 

- 


m 

- 

mA 

Sink Current 

Vo = 5V ls,NK 

1 

2.1 

- 

m 

B 

- 

Output Voltage Vout 

Rl = 00 Vom + 


m 

_ 

4.8 

| 

_ 


Vom" 

— 


0.2 

— 


0.2 

Rl = 10k Vo M + 

4.7 

H 

— 

4.7 

4.9 

— 

Vom” 

— 

iiia 

MflEM 

— 



Rl = 2k Vom + 

3 

4 

— 

3 

4 , 

-j 

Vom“ 

— 

WXTM 

0.2 

— 

KSEfl 

HQ! 

Supply Current Isupply 

V 0 = 0 V 

- 



B 




Vo = 2.5 V Isupply 

— 


gE5H 





10 
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Fig. 3 - Output voltage vs load sourcing current. 


Fig. 4 - Output voltage vs load sinking current. 
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CA5420A, CA5420 


ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN 
At V+ = 1 V, V" = -1 V, T a = 25° C Unless Otherwise Specified 




LIMITS 


CHARACTERISTIC 


CA5420A 

CA5420 

UNITS 



Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Input Offset Voltage 

V,o 

— 

2 

5 

— 

5 

10 

mV 

Input Offset Current 


— 


4* 

— 

■»w 

4* 

pA 

Input Current 

IM 

— 


5* 

— 


5* 

PA 

Large-Signal Voltage Gain 

Aol 

BH«1M 


— 

Till 

KE33I 

— 

KBS 

R L = 10 kO 


86 


— 

HEEB 

100 

— 

dB 

Common-Mode Rejection Ratio 

Cmrr 

— 

m 

UfEEl 

— 

560 

1800 

yuV/V 

o 

CO 

65 

— 

kb 

65 

— 

dB 

Input Common-Mode Voltage Range 

V|CR + 



_ 

0.2 

0.5 

_ 

y 

V ICR I 

-1 

msEM 

— 

— 

-1.3 

— 


Power Supply Rejection Ratio 

PsRR 

— 

32 


— 

100 

1000 

A N/M 

AV.o/AV 


70 

KEB 

- 


80 

— 

dB 

Maximum Output Voltage 
r l = o° 

VouT 

V 0M + 

■9 


m 



_ 


Vom“ 

mm 

m 

- 


Bill! 

— 


Supply Current 

•supply 

— 



— 


Ht&Ui 

■9 

Device Dissipation 

Po 

— 

0.7 

1.1 

— 

m 

i.i 

mW 


— 

4 

— 

— 

4 

— 

/A//°C 


*The maximum limit represents the levels obtainable on high-speed. automatic test equipment. 
Typical values are obtained under laboratory conditions. 



ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN 
At V+ = 10 V, V- = -10 V, T a = 25°C Unless Otherwise Specified 




LIMITS 


CHARACTERISTIC 


CA5420A 

CA5420 

UNITS 



Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Input Offset Voltage 

Vio 

— 

2 

5 

— 

5 

10 

mV 

Input Offset Current 

I I.O; 

— 


4* 

— 


4 * 

PA 

Input Current 

IM 

— 


5* 

— 

HFiMHIMI 

5* 

PA 

Large-Signal Voltage Gain 

Aol 

WbMM 


— 

TIM 


— 

V/V 

Rl = 10 kO 


86 

■ 

— 

80 

beeb 

— 

dB 

Common-Mode Rejection Ratio 

Cmrr 

— 

BQEl 1 


— 

beeb 



70 

80 

— 

70 

80 

— 

E9 

Input Common-Mode Voltage Range 

Vicr + 

9 


_ 




m 

VlCR 

-10 

tSEEM 

— 

-10 


— 


Power Supply Rejection Ratio 

Psrr 

— 

keh 


1KB 

32 

320 

yuV/V 

AV.o/AV 


70 

90 

— 

70 

90 

— 

dB 

Maximum Output Voltage 

Vout 

■■ 







r l = oo 

Vom + 

K9 


— 

9.7 

9.9 

— 

V 

VOM" | 

-9.7 

-9.85 

— 

-9.7 

-9.85 

— 

Supply Current 

IsUPPLY 

— 

450 

1000 

— 

450 

1000 

M 

Device Dissipation 

Pd 

_ 

9 

14 

— 

9 

14 

mW 

Input Offset Voltage Temp. Drift AV )0 /AT 

— 

4 

— 

— 

4 

— 

yt/V/° C 


*The maximum limit represents the levels obtainable on high-speed automatic test equipment. 
Typical values are obtained under laboratory conditions. 
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SUPPLY CURRENT (pA) 





CA5420A, CA5420 


APPLICATION CIRCUITS 


Plcoammeter Circuit 

The exceptionally low input current (typically 0.2 pA) 
makes the CA5420 highly suited for use in a picoammeter 
circuit. With only a single lOK-megohm resistor, this circuit 
covers the range from ±1.5 pA. Higher current ranges are 
possible with suitable switching techniques and current 
scaling resistors. Input transient protection is provided by 
the 1-megohm resistor in series with the input. Higher 
current ranges require that this resistor be reduced. The 
10-megohm resistor connected to pin 2 of the CA5420 
decouples the potentially high input capacitance often 
associated with lower current circuits and reduces the 
tendency for the circuit to oscillate under these conditions. 
lOkMil 



High-Input-Resistance Voltmeter 

Advantage is taken of the high input impedance of the 
CA5420 in a high-input-resistance dc voltmeter. Only two 
1.5-V “AA"-type penlite batteries power this exceedingly 
high-input-resistance (>1 ,000,000 megohms) dc voltmeter. 
Full-scale deflection is ±500 mV, ±150 mV, and ±15 mV. 
Higher voltage ranges are easily added with external input 
voltage attenuator networks. 

The meter is placed in series with the gain network, thus 
eliminating the meter temperature coefficient error term. 

Supply current in the standby position with the meter 
undeflected is 300 /jA. At full-scale deflection this current 
rises to 800/yA. Carbon-zinc battery life should be in excess 
of 1,000 hours. 


+ 1.5 V 



Fig. 11 - CA5420 high-input-resistance voltmeter. 
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CAS470 


August 1991 


Quad Microprocessor BiMOS-E Operational 
Amplifiers With MOSFET Input/Bipolar Output 


Features De 

• High-Speed CMOS Input Stage Provides The 

► Very High Zi 5TH (5x1 ol 2fi) Typ. am * 

higt 

► Very Low l| 0.5pA (Typ) at 5V Operation mor 

► Very Low l|o 0.5pA (Typ) at 5V Operation BilV 

• ESD Protection to 2000V lrr| P 

volt 

• 3V to 16V Power Supply Operation trar 

• Fully Guaranteed Specifications Over Full Military Range This 

• Wide BW (14MHz); High SR (5V/ys) at 5V Supply 

• Wide Vicr Range From -0.5V to 3.7V (Typ) at 5V Supply of t 

• Ideally Suited for CMOS and HCMOS Applications 

• +5V Characteristics for Microprocessor Applications Bifv 

hav 

Applications wiU 

offs 

• Bar Code Readers ] n t e 

• Photodiode Amplifiers (IR) 5V 

• Microprocessor Buffering ESI 

• Ground Reference Single Supply Amplifiers The 

volt 

• Fast Sample and Hold gu£ 

• Timers roo 

• Voltage Controlled Oscillators +1 ‘ 

• Voltage Followers Th€ 

lea< 

• V to I Converters , ea( 

• Peak Detectors alsc 

• Precision Rectifiers 

• 5V Logic Systems 

• 3V Logic Systems 


Pinout E AND M SUFFIXES 

TOP VIEW 


Description 

The CA5470 series are integrated circuit operational 
amplifiers that combine the advantages of both 
high-speed CMOS and bipolar transistors on a single 
monolithic chip. They are constructed in the 
BiMOS-E process which adds drain-extension 
implants to 3pm polygate CMOS, enhancing both the 
voltage capability and providing vertical bipolar 
transistors for broadband analog/digital functions. 
This process lends itself easily to high-speed 
operational amplifiers, comparators, analog switches 
and interface peripherals, resulting in twice the speed 
of the conventional CMOS transistors having similar 
feature size. 

BiMOS-E are broadbased bipolar transistors that 
have high transconductance, gains more constant 
with current level, stable “precision” base-emitter 
offset voltages and superior drive capability. Excellent 
interface with environmental potentials enable use in 
5V logic systems and future 3.3V logic systems. 

ESD capability exceeds the standard 2000 volt level. 
The CA5470 series can operate with single supply 
voltages from 3 V to 1 6 V or ±1 .5 V to ±8V. They have 
guaranteed specifications at both 5V and ±7.5V at 
room temperature as well as over the full -55°C to 
+125°C military range. 

The CA5470 series is supplied in the standard 14 
lead dual-in-line plastic package (E suffix) and the 14 
lead small outline package (M suffix). The CA5470 is 
also available in chip form (H suffix). 


NEG. 
INPUT 1 

POS. 
INPUT 1 


POS. 
INPUT 2 

NEG. 
INPUT 2 



NEG. 
INPUT 4 

POS. 
INPUT 4 


POS. 
INPUT 3 

NEG. 
INPUT 3 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 


File Number 1946.1 
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C A 54 70 


MAXIMUM RATINGS, Absolute-Maximum Values 


DC SUPPLY- VOLTAGE 

(Between V+ and V- Terminals) 16V 

DIFFERENTIAL MODE INPUT VOLTAGE ±8 V 

COMMON-MODE DC INPUT VOLTAGE (V+ +8 V) to (V- -0.5V) 

INPUT TERMINAL CURRENT 1 mA 

DEVICE DISSIPATION: 

WITHOUT HEAT SINK - 

upto55°C 630 mW 

above 55°C Derate Linearly 6.67 mW/°C 

WITH HEAT SINK - 

upto90°C 1 W 

above 90°C Derate Linearly 1 6.7 mW/PC 

SMALL OUTLINE PACKAGE - 

upto65°C 500 mW 

above 65°C Derate Linearly at 5.9 mW/°C 

TEMPERATURE RANGE: 

OPERATING (all types) -55 to +1 250C 

STORAGE (all types) -65 to +1 50OC 

OUTPUT SHORT-CIRCUIT DURATION* INDEFINITE 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/1 6 ± 1/32 (1.59 ±0.79 mm) from case for 10 seconds max +265°C 



*Short circuit may be applied to ground or to either supply. 


TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE V+ = 5 V, V- = 0, T A = 25°C (Unless Otherwise Specified) 


CHARACTERISTIC 

TEST CONDITIONS 

TYPICAL VALUES 

UNITS 

Input Resistance 

R| 


5 

TO 

Input Capacitance 

C| 

f=1 MHz 

3.1 

PF 

Unity Gain Crossover Frequency 



14 

MHz 

Slew Rate 

SR 

V 0 UT = 3.65V p _ p 

5 

V/|JS 

Transient Response: 

tr 

C[_ = 25 pF 



Rise Time/Fall Time 


R L = 2 kQ 

27/25 

ns 

Overshoot 

(Voltage Follower) 

20 

% 

Settling Time (4V p _ p Input to < 0.1 %) 


1 

ps 

Full Power BW (V 0 UT = 3.65V p _ p ) SR = 

5V/ps 

Ay = 1 

436 

kHz 
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C A 5470 


ELECTRICAL CHARACTERISTICS At Ta = 25<>C, V+ = 5 V, V- = Gnd 


CHARACTERISTICS 

Input Offset Voltage 

|V| 0 I 

Input Offset Current 

I'ioI 

Input Current 

■l 

Common-Mode Input Range 

V ICR 

Common-Mode Rejection Ratio 

V|CR = 0to3.5V 

Cmrr 

Power-Supply Rejection Ratio 

AV = 2 V 

P SRR 

Positive Output Voltage Swing 

R|_ = 2ktoGND 

V 0M+ 

Negative Output Voltage Swing 

Rl_ = 2 kto GND 

Vom- 

Total Supply Current Vqut = 2.5 V 

■supply 

Unity Gain Bandwidth Product 


Slew Rate 

SR 

Output Current 


Source to opposite supply 

■source 

Sink to opposite supply 

■sink 

Open Loop Gain 0.5 V to 3.5 V 

Rj_=10k 



ELECTRICAL CHARACTERISTICS At T A = -55°C fo +725°C, V+ = 5KV- = Gnd 




LIMITS 


CHARACTERISTICS 


MIN. 

TYP 

MAX. 

UNITS 

Input Offset Voltage 

|V| 0 I 

- 

6 

25 

mV 

Input Offset Current 

liiol 

— 

550 

5500 

pA 

Input Current 

■l 

- 

550 

11000 

PA 

Common-Mode Input Range 

V ICR 

3.5 

-0.5 to 3.7 

0 

V 

Common-Mode Rejection Ratio 

V| C R = 0 to 3.5 V 

Cmrr 

50 

65 

— 

dB 

Power-Supply Rejection Ratio 

AV = 2 V 

P SRR 

58 

75 

— 

dB 

Positive Output Voltage Swing 

R L = 2 k to V- 

VOM+ 

3.8 

4.2 

— 

V 

Negative Output Voltage Swing 

Rl_ = 2 k to V- 

VOM" 

— 

0.08 

0.11 

V 

Total Supply Current VOUT = 2.5 V 

■supply 

- 

9 

11 

mA 

Unity Gain Bandwidth Product 

*T 

8 

12 

- 

MHz 

Slew Rate 

SR 

3 

5 

- 

V/jiS 

Output Current 






Source to opposite supply 

■source 

4 

5.5 

- 

mA 

Sink to opposite supply 

■sink 

0.8 

1.2 

- 

mA 

Open Loop Gain 0.5 V to 3.5 V 

Rj_= 10k 

80 

90 

- 

dB 



















































































































C A 54 70 


ELECTRICAL CHARACTERISTICS At T A = 25°C, V+ = 7.5 V, V- = -7.5 V 




LIMITS 


CHARACTERISTICS 


MIN. 

TYP 

MAX. 

UNITS 

Input Offset Voltage 

Ivio 1 

- 

5 

25 

mV 

Input Offset Current 

I'lol 

- 

0.5 

5 

pA 

Input Current 

ll 

- 

1 

10 

pA 

Common-Mode Input Range 

V ICR 

5.8 

-7.8 to 6.0 

-7.5 

v 

Common-Mode Rejection Ratio 

V|CR = 0 to 3.5 V 

Cmrr 

60 

70 

— 

dB 

Power-Supply Rejection Ratio 

AV= 2 V 

p SRR 

65 

76 

— 

dB 

Positive Output Voltage Swing 

R|_ = 2 kto GND 

v OM+ 

6.3 

6.5 

_ 

V 

R|_= 10k to GND 

6.4 

6.6 

- 


Negative Output Voltage Swing 

Rl = 2 kto GND 

v OM" 

_ 

-7.47 

-7.45 

V 

RL= 10k to GND 

- 

-7.3 

-7.1 


Total Supply Current Vqut = GND 

Supply 

- 

10 

11 

mA 

Unity Gain Bandwidth Product 

n 

12 

16 

— 

MHz 

Slew Rate 

SR 

4 

7 

- 

V/fis 

Output Current 

Source to opposite supply 

•source 

6.2 

6.8 



mA 

Sink to opposite supply 

•sink 

1 

1.4 

- 

mA 

Open Loop Gain -5Vto+5V 

o 

II 

_J 

cc 

80 

90 

- 

dB 


ELECTRICAL CHARACTERISTICS At T A = 55°C to +725°C , V+ = 7.5 V, V- = -7.5 V 


LIMITS 


CHARACTERISTICS 

MIN. 

TYP 

MAX. 

UNITS 

Input Offset Voltage 

lv )0 l 

- 

5 

30 

mV 

Input Offset Current 

I'ioI 

- 

550 

5500 

PA 

Input Current 

•I 

- 

1100 

11000 

pA 


Common-Mode Input Range 


Common-Mode Rejection Ratio 

V|CR = 0to3.5 V 

Cmrr 

Power-Supply Rejection Ratio 

AV = 2 V 

P SRR 

Positive Output Voltage Swing 

Rl_ = 2 k to V- 

VOM+ 

Rl_= 10k to GND 

Negative Output Voltage Swing 

R L = 2ktoV- 

v OM- 

R l = 10k to GND 

Total Supply Current VouT = GND 

•supply 

Unity Gain Bandwidth Product 

*T 

Slew Rate 

SR 

Output Current 

Source to opposite supply 

•source 


•SINK 

Rl_=10k 




V 

dB 


dB 


V 


V 


mA 

MHz 

V/ M s 



Sink to opposite supply 
Open Loop Gain -5Vto+5V 


80 


90 

































































































































CA5470 


v + 



Figure 2 - Block diagram of the CA5470. 


0 10 20 30 40 50 60 69.7 



Dimensions in parentheses are in millimeters and are derived from the 
basic inch dimensions as indicated. Grid graduations are in mills (10~ 3 
inch). The layout represents a chip when it is part of the wafer. When the 
wafer is cut into chips, the cleavage angles are 57° instead of 90° with 
respect to the face of the chip. Therefore, the isolated chip is actually 
7 mils (0.17 mm) larger in both dimensions. 



10K 100K 1M 10M 100M 

FREQUENCY 


Figure 3 - Dimensions and pad layout for CA5470H. 


Figure 4 - Maximum output voltage swing vs frequency. 
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23 Harris HA-2400/04/05 

PRAIVI Four Channel 

August 1991 Programmable Amplifier 


Features 

® Programmability 

• High Rate Slew 30V/|js 

• Wide Gain Bandwidth 40MHz 

• High Gain 150kV/V 

• Low Offset Current 5nA 

• High Input Impedance 30MH 


• Single Capacitor Compensation 

• DTL/TTL Compatible Inputs 

Description 

HA-2400/04/05 comprise a series of four-channel 
programmable amplifiers providing a level of versatility 
unsurpassed by any other monolithic operational amplifier. 
Versatility is achieved by employing four input amplifier 
channels, any one (or none) of which may be electronically 
selected and connected to a single output stage through 
DTL/TTL compatible address inputs. The device formed by 
the output and the selected pair of inputs is an op amp 
which delivers excellent slew rate, gain bandwidth and 
power bandwidth performance. Other advantageous 
features for these dielectrically isolated amplifiers include 
high voltage gain and input impedance coupled with low 
input offset voltage and offset current. External 
compensation is not required on this device at closed loop 
gains greater than 1 0. 


Appiications 

° Thousands of Applications; Program: 

► Signal Selection/Multiplexing 

► Operational Amplifier Gain 

► Oscillator Frequency 

► Filter Characteristics 

► Add-Subtract Functions 

► Integrator Characteristics 

► Comparator Levels 

• For Further Design Ideas, See App. Note 514. 

Each channel of the HA-2400/04/05 can be controlled and 
operated with suitable feedback networks in any of the 
standard op amp configurations. This specialization makes 
these amplifiers excellent components for multiplexing 
signal selection and mathematical function designs. With 
30V/(js slew rate, 40MHz gain bandwidth and 30M ohms 
input impedance these devices are ideal building blocks for 
signal generators, active filters and data acquisition 
designs. Programmability, coupled with 4mV typical offset 
voltage and 5nA offset current, makes these amplifiers 
outstanding components for signal conditioning circuits. 

HA-2400/04/05 are available in a 16 pin Dual-In-Line 
package. HA-2400 is specified from -55°C to +125°C. 
HA-2404 is specified over the -25°C to +85°C range, 
while HA-2405 operates from 0°C to +75QC. 


Pinout 

HA1 -2400/04/05 {CERAMIC DIP) 
TOP VIEW 



TRUTH TABLE 


Dl 

D 0 

EN 

SELECTED 

CHANNEL 

L 

L 

H 

1 

L 

H 

H 

2 

H 

L 

H 

3 

H 

H 

H 

4 

X 

X 

L 

NONE 


Schematic 


HA-2400 



Diagram Includes: One Input Stage, Decode Control, 
Bias Network, and Output Stage. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 
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Specifications HA-2400/04/05 


Absolute Maximum Ratings 


Operating Temperature Ranges 


Voltage between V+ and V- Terminals . . . 

45.0V 

HA-2400-2 - 

-55°C<T A <+125°C 

Differential Input Voltage 

±V SUPPLY 

HA-2404-4 

. -25°C < Ta < +85°C 

Digital Input Voltage 

-0.76V to +10.0V 

HA-2405-5 

... 0°C < T A < +75°C 

Output Current 

. . Short Circuit Protected 

Storage Tern perature Range ■ 

-65°C < T A < +1 50°C 


(•SC < ±33mA) 



Internal Power Dissipation (Note 13) 

300mW 




Electrical Specifications Test Conditions: Vsupply = ±15.0V, Unless Otherwise Specified. 

Digital Inputs: V|l = +0.5V, V|h = +2.4. Limits apply to each of the four channels, when addressed. 




PARAMETER 


INPUT CHARACTERISTICS 


Offset Voltage 

Bias Current (Note 1 2) 

Offset Current (Note 1 2) 

Input Resistance (Note 1 2) 

Common Mode Range 
TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain (Notes 1 , 5) 

Common Mode Rejection Ratio 
(Note 2) 

Gain Bandwidth (Notes 3, 1 4) 

(Notes 4,14) 

OUTPUT CHARACTERISTICS 



HA-2400/04 

LIMITS 


HA-2405 

LIMITS 


TYP 


+25°C 

- 

4 

9 

Full 

- 

- 

11 

+25°C 

- 

50 

200 

Full 

- 

- 

400 

+25°C 

- 

5 

50 

Full 

- 

- 

100 

+25°C 

- 

30 

- 

Full 

±9.0 

- 

- 




+25°C 

50k 

150k 

Full 

25K 

- 

Full 

80 

100 

+25°C 

20 

40 

+25°C 

4 

8 


Output Voltage Swing (Note 1 ) 

Full 

±10.0 

±12.0 

- 

±10.0 

±12.0 

- 

V 

Output Current 

+25°C 

10 

20 

- 

10 

20 

- 

mA 

Full Power Bandwidth (Notes 3, 5, 1 5) 

+25°C 

640 

950 

- 

640 

950 

- 

kHz 

(Notes 4, 5,15) 

+25°C 

200 

250 

- 

200 

250 

- 

kHz 

| TRANSIENT RESPONSE j 

Rise Time (Notes 4, 6) 

+25°C 

- 

20 

45 

- 

20 

50 

ns 

Overshoot (Notes 4, 6) 

+25°C 

- 

25 

40 

- 

25 

40 

% 

Slew Rate (Notes 3, 7) 

+25°C 

20 

30 

- 

20 

30 

- 

V/ps 

(Notes 4, 7,14) 

+25°C 

6 

8 

- 

6 

8 

- 

V/ps 

Settling Time (Notes 4, 7, 8, 1 4) 

+25°C 

- 

1.5 

2.5 

- 

1.5 

2.5 

ps 


CHANNEL SELECT CHARACTERISTICS 


Digital Input Current (V|n = 0V) 

Digital Input Current (V|n = +5.0V) 

Output Delay (Notes 9, 1 4) 

Crosstalk (Note 1 0) 

Full 

Full 

+25°C 
+2 50C 

-80 

1 

5 

100 

-110 

1.5 

250 

-74 

1 

5 

100 

-110 

1.5 

250 

mA 

nA 

ns 

dB 

POWER SUPPLY CHARACTERISTICS 









Supply Current 

+250C 

- 

4.8 

6.0 

- 

4.8 

6.0 

mA 

Power Supply Rejection Ratio (Note 1 1 ) 

Full 

74 

90 


74 

90 

- 

dB 


NOTES: 

1. r l - 2kn 

2. V CM = ±5VDC 

3. Ay = +10, CqqMP = 0, R|_ — 2kfi, C|_ = 50pF. 

4. A\/ = +1, CqqMP = 15pF, Rl = 2kfl, Cl - 50pF. 

5. Vqut = 20V peak to peak. 

6. Vout — 200mV peak. 

7. Vqlit ” 10.0V peak to peak. 

8. To 0.1% of final value. 

9. To 10% of final value; output then slews at normal rate to final value. 


10. Unselected input to output; V|^ = ±10VDC 

11. v SUP pLY = ±iovdc to ±2 ovdc 

12. Unselected channels have approximately the same input parameters. 

13. Derate by 4.3mW/°C above 105°C. 

14. Guaranteed by design. 

15. Full Power Bandwidth based on slew rate measurement using: 

FPBW ; Vp EAK = SV 
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HA-2400/04/05 


Typical Performance Curves V+ = +15VDC, V- = -15VDC, Ta = +25°C, Unless Otherwise Specified. 


INPUT BIAS CURRENT AND OFFSET 
CURRENT AS A FUNCTION OF TEMPERATURE 


NORMALIZED A.C. PARAMETERS 
vs. TEMPERATURE 
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- 55|-50 -25 0 +25 +50 +75 +100 +125 


Temperature (°C) 


POWER SUPPIY CURRENT DRAIN 
AS A FUNCTION OF TEMPERATURE 



Temperature (°C) 



NORMALIZED A.C. PARAMETERS 
vs. SUPPLY VOLTAGE 


OPEN LOOP VOLTAGE GAIN 
vs. TEMPERATURE 
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HA-2400/04/05 


Typical Performance Curves (Continued) 

OUTPUT VOLTAGE SWING vs. FREQUENCY 



10K 100K 1 M 10M 

FREQUENCY (Hz) 


INPUT NOISE vs. FREQUENCY 



FREQUENCY (Hz) 


EQUIVALENT INPUT NOISE vs. BANDWIDTH 



BROADBAND NOISE CHARACTERISTICS 

SLEW RATE AND TRANSIENT RESPONSE 



HA-2400 

SAMPLE AND HOLD 



Sample Charging Rate = _!l V/Sec. >i « 150 x 10 j>A 

c l 2 ~ 200 x 10“ 9 A @ +25°C 


Hold Drift Rate =-l V/Sec. 

C 

Q 

Switch Pedestal Error = — Volts 
C 


~ 600 x 10" 9 A @ -55°C 
100 x 10 _9 A @ +125°C 
Q w 2 x lO- 1 ^ Coulomb 


For More Examples, See Harris Application Note 514 


Typical Applications 


HA-2400 

AMPLIFIER, NONINVERTING PROGRAMMABLE GAIN 
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Harris HA-2406 


Digitally Selectable Four Channel 
August 1991 Operational Amplifier 


Features 

• TTL Compatible Inputs 

• Single Capacitor Compensation 


• Low Crosstalk -IIOdB 

• High Slew Rate 20V/|iS 

• Low Offset Current 5nA 

• Offset Voltage 7mV 

• High Gain-Bandwidth 30MHz 

• High Input Impedance 30MH 

Description 


The HA-2406 is a monolithic device consisting of four op 
amp input stages that can be individually connected to one 
output stage by decoding two TTL lines into four channel 
select signals. In addition to allowing each channel to be 
addressed, an enable control disconnects all input stages 
from the output stage when asserted low. 

Each input-output combination of the HA-2406 is designed 
to be a 20V/ps, 30MHz gain-bandwidth amplifier that is 
stable at a gain of ten but by connecting one external 1 5pF 
capacitor all amplifiers are compensated for unity gain 
operation. The compensation pin may also be used to limit 
the output swing to TTL levels through suitable clamping 
diodes and divider networks (see Application Note 514). 


Applications 

• Digital Control Of: 

► Analog Signal Multiplexing 

► Op Amp Gains 

► Oscillator Frequencies 

► Filter Characteristics 

► Comparator Levels 

• For Further Design Ideas See Application Note 514 


Dielectric isolation and short-circuit protected output 
stages contribute to the quality and durability of the 
HA-2406. When used as a simple amplifier, its dynamic 
performance is very good and when its added versatility is 
considered, the HA-2406 is unmatched in the analog world. 
It can replace a number of individual components in analog 
signal conditioning circuits for digital signal processing 
systems. Its advantages include saving board space and 
reducing power supply requirements. 

The HA-2406 is available in a 16 pin dual-in-line package 
and is guaranteed for operation over the full commercial 
temperature range (0°C to +75°C). An SOIC package 
option is also available with -5 and -9 temperature grades. 


Pinout 

HA9P2406-5, -9 
HA3-2406-5, HA1-2406-5 
TOP VIEW 


Schematic 


HA-2406 


IN 3+ [~i~ 
IN 3 - |~2~ 
IN 4+ [~T - 
IN 4 - [~4~ 
IN 1 - |~S~ - 
IN tt- [T- 

IN 2 - [7 - 
in 2 + |~a~ - 


F 


F 

F 


F 


if} 


OUTPUT 

AMP 


DECODE/ 

CONTROL 





. 14j ENADLE 
Ti] GND 


i-UMi- 

7i]~£-o 

v+ 



TRUTH TABLE 


D1 

DO 

EN 

SELECTED 

CHANNEL 

L 

L 

H 

1 

L 

H 

H 

2 

H 

L 

H 

3 

H 

H 

H 

4 

X 

X 

L 

NONE 



Diagram includes: One Input Stage, Decode Control, 
Bias Network and Output Stage. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjjg Number 2892 

Copyright © Harris Corporation 1991 
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Specifications HA-2406 


Absolute Maximum Ratings 




Voltage Between V+ and V- Terminals . . 

45.0V 

Internal Power Dissipation 

300mW 

Differential Input Voltage 

±V S UPPLY 

Operating Temperature Range: 


Digital Input Voltage 

-0.76V to + 10.0 V 

HA-2406-5 

0°C < Ta < +75°C 

Output Current 

. . Short Circuit Protected 

HA-2406-9 

-40°C < Ta < +85°C 


(lsc < ±33mA) 

Storage Temperature Range 

-65°C < Ty\ < +1 50°C 


Electrical Specifications Test Conditions: Vsupply = ± 15.0V Unless Otherwise Specified. 

Digital Inputs: V|l = +0.5V, V|h = +2.4V. Limits apply to each of the four channels, when addressed. 


INPUT CHARACTERISTICS 


Offset Voltage 



Bias Current (Note 1 2) 

Offset Current (Note 1 2) 

Input Resistance (Note 1 2) 
Common Mode Range 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Notes 1 , 5) 

Common Mode Rejection Ratio (Note 2) 
Gain Bandwidth (Note 3, 1 5) 

Gain Bandwidth (Note 4, 1 5) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 1 ) 

Output Current (Note 1 3) 

Full Power Bandwidth (Notes 3, 5, 1 4, 1 5) 
Full Power Bandwidth (Notes 4, 5, 1 4) 


TRANSIENT RESPONSE 


Rise Time (Notes 4, 6) 

Overshoot (Notes 4, 6) 

Slew Rate (Notes 3, 7, 15) 

Slew Rate (Notes 4, 7) 

Settling Time (Notes 4, 7, 8, 1 5) 

CHANNEL SELECT CHARACTERISTICS 


Digital Input Current (V|n = OV) 
Digital Input Current (V|n = +5.0 V) 
Output Delay (Note 9, 1 5) 
Crosstalk (Note 1 0) 


POWER SUPPLY CHARACTERISTICS 


Supply Current 

Power Supply Rejection Ratio (Note 11) 


NOTES: 

1. R L = 2kn 

2. V CM = ±5VDC 

3. Ay = +1 0, CcoMP = 0. Rl = 2kfi, Cl = 50pF. 

4. Ay = +1 , CqoMP = 1 SpF, Rl = 2kfi, Cl = 50pF. 

5. Vout = 2 °V peak to peak. 

6. VouT = 200mV peak to peak. 

7. VouT = 1 0.0V peak to peak. 

8. To 0.1% of final value. 

9. To 1 0% of final value; output then slews at normal rate to final value. 




- 

4.8 

7.0 

mA 

74 

90 

- 

dB 


10. Unselected input to output; Vjn = ±10VDC 

11. Vsupply = ±10VDC to ±20VDC 

1 2. Unselected channels have approximately the same input parameters. 

13. V 0U T = +10V 

14. Full power Bandwidth based on slew rate measurement using: 

S.R. 

FPBW = 

2n Vpeak 

15. Sample tested. 


















































HA-2406 


Typical Performance Curves v+ = isv d.c., v- = isv d.c., Ta = +25°c Unless otherwise stated. 

INPUT BIAS CURRENT AND OFFSET CURRENT 

AS A FUNCTION OF TEMPERATURE NORMALIZED A. C. PARAMETERS vs TEMPERATURE 



0 25 50 75 


Temperature (°C) 



0 25 50 75 

Temperature (OC) 


POWER SUPPLY CURRENT DRAIN AS A 
FUNCTION OF TEMPERATURE 

4.50 


< 

E 


| 4.25 

3 

o 

>» 

a 

CL 

« 4.0 


0 

0 25 50 75 

Temperature (°C) 


— 



3 







" 



“ 


1 

■ 

i 



- 

- 

— 


— 

- 

- 



— 


i 


N 

\ 




'si 

'si 

IPP 

JPP 

LY 

LY 

LY 

= 

±2 

±1 

±1 

0 .C 

5.0 

0.0 

_ 

> > > 1 

► 








'SI 

IPP 



Supply Voltage 


OPEN LOOP FREQUENCY AND PHASE RESPONSE 



FREQUENCY RESPONSE vs CCOMP 



OPEN LOOP VOLTAGE GAIN vs TEMPERATURE 



0 25 50 75 

Temperature (°C) 
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HA-2406 


Typical Performance Curves (Continued) 

OUTPUT VOLTAGE SWING vs FREQUENCY EQUIVALENT INPUT NOISE vs BANDWIDTH 



10K 100K 1 M 10M 

FREQUENCY (Hz) 



UPPER 3dB FREQUENCY 
LOWER 3dB FREQUENCY-1 OHz 
BROADBAND NOISE CHARACTERISTICS 












August 1991 


Selectable, Four Channel 
Video Operational Amplifier 


Features 

• Digital Selection of Input Channel 

• Unity Gain Stability 

• Gain Flatness @ 10MHz 0.1 dB 

• Differential Gain 0.03% 

• Differential Phase 0.030 

• Fast Channel Selection 60ns 

• Crosstalk Rejection 60dB 

Description 

The HA-2444 is a channel-selectable video op amp 
consisting of four differential inputs, a single-ended output, 
and digital control circuitry allowing two digital inputs to 
activate one of the four differential inputs. The HA-2444 
also includes a high impedance output state allowing the 
outputs of multiple HA-2444s to be wire-0 R’d. 
Functionally, the HA-2444 is equivalent to four wideband 
video op amps and a wideband multiplexer. 

Unlike similar competitor devices, the HA-2444 is not re- 
stricted to multiplexing. Any op amp configuration can be 
used with any of the inputs. Signal amplification, addition, 
integration, and more can be put under digital control with 
broadcast quality performance. 


Applications 

• Video Multiplexer 

° Programmable Gain Amplifier 

• Special Effects Processors 

• Video Distribution Systems 

° Heads-up/Night Vision Displays 

• Medical Imaging Systems 
° Radar Video 


The key video parameters of the HA-2444 have been 
optimized without compromising dc performance. Gain 
Flatness, at 10MHz, is only 0.1 dB. Differential gain and 
phase are typically 0.03% and 0.03 degrees, respectively. 
Laser trimming allows offset voltages in the 4.0mV range 
and a unique common current source design assures mini- 
mal channel-to-channel mismatch, while maintaining 60dB 
of crosstalk rejection at 5MHz. Open loop gain of 76dB and 
low input offset and bias currents enhance the performance 
of this versatile device. 

For information about military grade devices, please refer to 
the HA-2444/883 data sheet. The HA-2444/883 devices 
are offered in Ceramic DIP and Ceramic Flatpack packages. 


Pinout 


HA3-2444 (PLASTIC DIP) 
HA9P2444 (SOIC) 
TOP VIEW 


GND [T 
EM [T ■ 
+ IN2 [3 ■ 






H DECODE j 
| CONTROLS 


- IN2 |T ■ 

V- [5 

-INI |7 

out GE-^-l 


t rel di 

] 




Tsj do 

14 ] +IN4 
13 ] - IN4 
Ti] V+ 

+ IN3 
To] -IN3 

IT] N/C 


Logic Operation 

TRUTH TABLE 



DI 

DO 

SELECTED CHANNEL 

H 

L 

L 

1 


L 


2 

H 

H 

L 

3 

H 

H 

H 

4 

■ 

■ 


NONE-OUT is set to a high 
impedance state. 


L = Low State (0.8V Max.) 
H= High State (2.4V Min.) 
X = Don’t Care 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2490.4 


3-255 


OPERATIONAL 

AMPLIFIERS 



















Specifications HA-2444 


Absolute Maximum Ratings (Note i) 

Voltage Between V+ and V- Terminals 35 V (±1 7.5V) 

Differential Input Voltage ±6V 

Peak (Short Duration) Output Current ±40mA 

Maximum Junction Temperature +1 75°C 

Maximum Junction Temperature (Plastic Packages) +1 50°C 


Operating Temperature Range 



HA-2444-5 

. . . 0°C < 

:Ta<+75°C 

HA-2444-9 

. -40°C < Ta < +85°C 

Storage Temperature Range 

-65°C<Ta<+150°C 

Thermal Package Characteristics 

9jc 

0 ja 

1 6 Pin Plastic DIP 

27 

88 

1 6 Pin SOIC 

26 

96 


Electrical Specifications V+ =+15V, V- = -15V, R L = IK, Cl = 10pF, V| L = 0.8V, V| H = 2.4V. Unless Otherwise Specified. 
Specifications Apply to All Channels. 




| HA-2444-5, -! 

9 


PARAMETER 

TEMP 

MIN 

TYP 

MAX 

UNITS 


INPUT CHARACTERISTICS 


Input Offset Voltage 



4 

7 

mV 



■ 

- 

15 

mV 

Average Input Offset Voltage Drift 

Full 


10 

- 

jiV/o C 

Channel to Channel Offset Voltage Mismatch 

+25°C 


- 

5 

mV 


Full 

; 

- 

8 

mV 

Input Bias Current 

■ mm 

' ■ 

9 

15 

pA 


WEM 


- 

20 

m a 

Average Input Bias Current Drift 

Full 

■ 

0.04 

- 

juA/°C 

Input Offset Current 

mmm 

1 ■ 

2 

4 

pA 


Hi 


- 

6 

PA 

Average Input Offset Current Drift 

Full 

- 

10 

- 

nA/oc 

Common Mode Range. 

Full 

- 

±11.5 

- 

V 

Differential Input Resistance (Note 1 6) 

+25°C 

50 

90 

- 

KO 

Differential Input Capacitance 

+25°C 

- 

3 

- 

PF 

Input Noise Voltage Density to = 1 0OOHz 

+25°C 

- 

26 

- 

nV/v/Hz 

Input Noise Current Density fo = 1 0OOHz 

+25°C 

- 

4 

- 

pA/y/Hz 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 3) 

+25°C 

71 

76 

- 



Full 

68 

- 

- 


Common Mode Rejection Ratio (Note 4) 

Full 

70 

80 

- 


Minimum Stable Gain 

+25°C 

+1 

- 

- 

V/V 

Unity Gain Bandwidth (Notes 2, 5) 

+25°C 

- 

45 

- 

MHz 

Gain Bandwidth Product (Note 5) 

+25°C 

- 

50 

- 

MHz 

Phase Margin (Note 2) 

+25°C 

- 

65 

- 

Degrees 

Gain Margin (Note 2) 

+25°C 

- 

8.0 

- 

dB 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Rl = 1 KO) 

Full 

±10 

±11 



Output Voltage Swing (R|_ = 750) (Note 1 6) 

+25°C 

±2 




Full Power Bandwidth (Note 6) 

Full 

3.8 

5.1 



Output Current (Note 17) 

Full 

±25 

- 



Disabled Output Current (Note 1 8) 

Full 

- 

- 



Output Resistance 

+25°C 

- 

20 




TRANSIENT RESPONSE 


Rise Time (Notes 2, 7) 

+25°C 

- 

7 

- 

ns 

Overshoot (Notes 2, 7) 

+25°C 

- 

10 

- 

% 

Slew Rate (Notes 2, 9) 

Full 

120 


- 

V/ M s 

Settling Time to 0.1 % of ±1 OV Output (Note 8) 

+25°C 

- 


- 

ns 


ns 





































Specifications HA- 2444 


Electrical Specifications V+ =+15V, V- = -15V, R|_ = IK, Cl = 10pF, V| L = 0.8V, V|H = 2.4V. Unless Otherwise Specified. 
Specifications Apply to All Channels. 


PARAMETER 

TEMP 

HA-2444-5, -9 

UNITS 

MIN 

TYP 

MAX 

SWITCHING CHARACTERISTICS 

Channel Select Time (Note 1 0) 

0 to +85°C 

- 

60 

100 

ns 


-40 to 0OC 

- 

80 

125 

ns 

Output Enable Time (Note 1 1 ) 

Full 

- 

40 

100 

ns 

Digital Input Voltages V|h 

Full 

2.4 

- 

- 

V 

V|L 

Full 

- 

- 

0.8 

V 

D0/D1 Input Current (V||_ = 0.0V) 

Full 

- 

0.7 

1 

mA 

(V, H = 5.0V) 

Full 

- 

- 

1.2 

pA 

EN Input Current (V|t_ = 0.0V) 

Full 

- 

- 

50 

MA 

(V| H = 5.0V) 

Full 

- 

- 

1.2 

pA 

Crosstalk Rejection (Note 1 2) 

+25°C 

- 

60 

- 

dB 

VIDEO PARAMETERS 

Differential Phase (Note 1 4) 

+25°C 


mm 


Degrees 

Differential Gain (Note 14) 

+25°C 

- 


“ 

% 

Gain Flatness (Notes 2, 1 3) (1 0MHz) 

+25°C 

- 

0.1 


dB 

Chrominance to Luminance Gain (Note 1 4) 

+25°C 

- 

0.1 

- 

dB 

Chrominance to Luminance Delay (Note 1 4) 

+25°C 


7 

- 

ns 

POWER SUPPLY 

•cc 

Full 

- 

20 

25 

mA 

•ee 

Full 

- 

20 

25 

mA 

Supply Current (Output Disabled) (Note 1 9) 

Full 

- 

- 

10 

mA 

PSRR (Note 1 5) 

Full 

65 

80 

- 

dB 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, 
beyond which the serviceability of the circuit may be 
impaired. Functional operation under any of these conditions is not 
necessarily implied. 

2. A y = +1. 

3. v OUT = ±5V - 

4. V CM = ±5V. 

5. v OUT = ±100mV. 

6. Full Power Bandwidth is calculated by: 

FPBW = Slew Rate, V PEAK = 5V 

2nV PEAK 

7. V<3UT = 0 *° ±200mV - 

8. Settling time to 0.1% with a 10V step. Specified with the channel 
pre-selected and the output stage enabled. Ay = -1. 

9. V OUT = -5V to +5V or +5V to -5 V. 


10. The time required for an enabled HA-2444 to switch from one input 
channel to another. Measured from the 50% point of the digital input 
to 50% of the output. Ay = +1 for all channels. Vqut switches from 
0V to 5V. 

11. The time required to enable the output with a channel preselected. 
Measured from the 50% point of the Enable input to 4V on the output. 
Ay = +1 for all channels. V|n = 5V for the selected channel. 

1 2. V|jg = 5Vp-p, fo = 5MHz, for one of the 3 unselected channels. Vjn = 0 
for the selected channel. Ay = +1 for all channels. 

13. V| N = 200mV RMS . 

14. Tested with a VM700A video tester using a NTC-7 Composite input 
signal. 

15. V S a ±1 5V to ±20 V. 

1 6. These parameters are not tested. The limits are guaranteed based on lab 
characterization and reflect lot to lot variation. 

17. v OUT = ±10V < V EN = 2.4V, 50% Duty Cycle max. 

18. v 0 ut = ±sv, v EN = o.av. 

19. Applies to Iqq and l EE . Vqu-j- = 0V, V E n = 0.8V. 
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2) Harris HA-2500/02/05 


August 1991 


Precision High Slew Rate 
Operational Amplifiers 


Features 

• High Slew Rate 30V/ps 

• Fast Settling 330ns 

• Wide Power Bandwidth 500KHz 

• High Gain Bandwidth 12MHz 

• High Input Impedance 50Mf2 

• Low Offset Current 10nA 

• Internally Compensated For Unity Gain Stability 

Description 

HA-2500/2502/2505 comprises a series of monolithic 
operational amplifiers whose designs are optimized to 
deliver excellent slew rate, bandwidth, and settling time 
specifications. The outstanding dynamic features of this 
internally compensated device are complemented with low 
offset voltage and offset current. 

These dielectrically isolated amplifiers are ideally suited for 
applications such as data acquisition, R.F., video, and pulse 
conditioning circuits. Slew rates of ±30V/fts and 330ns 
(0.1%) settling time make these devices excellent 
components in fast, accurate data acquisition and pulse 
amplification designs. 12MHz small signal bandwidth and 
500kHz power bandwidth make these devices well suited 
to R.F. and video applications. With 2mV typical offset 
voltage plus offset trim capability and 10nA offset current, 


Applications 

• Data Acquisition Systems 

• R.F. Amplifiers 

• Video Amplifiers 

• Signal Generators 

• Pulse Amplification 


HA-2500/2502/2505 are particularly useful components in 
signal conditioning designs. 

The gain and offset voltage figures of the HA-2500 series 
are optimized by internal component value changes while 
the similar design of the HA-2510 series is maximized for 
slew rate. 

The HA-2500 and HA-2502 have guaranteed operation 
from -55°C to +1 25°C and are available in Hermetic Metal 
Can and Ceramic Mini-DIP packages. Both are offered as a 
/8 83 military grade part with the HA-2502 also available in 
LCC package. The HA-2505 has guaranteed operation 
from 0°C to +75°C and is available in Plastic and Ceramic 
Mini-DIP and Metal Can packages. Mil-Std-883 product 
and data sheets are available upon request. 


Pinouts 

HA7-2500/02/05 
(CERAMIC MINI-DIP) 
HA3-2505 (PLASTIC MINI-DIP) 
TOP VIEW 

BAL [T 


T] COMP 

-!N [T 

— 

3 v+ 

4-IN [T 

— 

T] OUT 

v- [T 


T\ BAL 

HA2-2500/02/05 
(TO-99 METAL CAN) 

TOP VIEW 




BAL 

J 


) V+ 

-W(2 


{g)out 

+ IN 

V - 

) BAL 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 
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Specifications HA-2500/2502/2505 


Absolute Maximum Ratings (Note 6) 
Voltage Between V+ and V- Terminals 

40.0V 

Operating Temperature Range 

HA-2500/2502-2 

-55°C < Ta < +1 25°C 

Differential Input Voltage 

. ...±15.0V 

HA-2505-5 

... 0°C < T/^ < +75°C 

Peak Output Current 

50mA 

HA-2505-9 

. -40°C < Ta < +85°C 

Internal Power Dissipation 

... 300mW 

Storage Temperature Range 

-65°C < Ta < +1 50°C 

Lead Solder Temperature (10 Seconds) 

. . . +275°C 

Maximum Junction Temperature 

+175°C 

Electrical Specifications v+ = +isv dc, v- 

= -15V DC 




HA-2500-2 

TEMP. MIN I TYP I MAX 



TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain 
(Note 1,4) 

Common Mode Rejection Ratio (Note 2) 
Gain Bandwidth Product (Note 3) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 1 ) 
Output Current (Note 4) 

Full Power Bandwidth (Notes 4, 1 1) 


TRANSIENT RESPONSE 


Rise Time (Notes 1 , 5, 7 & 8) 

Overshoot (Notes 1 , 5, 7 & 8) 

Slew Rate (Notes 1 , 5, 8 & 1 2) 

Settling Time to 0.1% 

(Notes 1,5, 8 & 12) 


POWER SUPPLY CHARACTERISTICS 


Supply Current 

Power Supply Rejection Ratio (Note 9) 


+25°C 20K 30K 

Full 15K 


Full ±10.0 ±12.0 
+25°C ±10 ±20 

+25°C 350 500 



15K 

25K 

10K 

- 

74 

90 

- 

12 


± 10.0 | ± 12.0 
±10 


I 

I 


15K 

25K 

10K 

- 

74 

90 

- 

12 


±10.0 

±12.0 

±10 

±20 

300 

500 


25 

25 

±20 ±30 



+25°C 
Full 80 


NOTES: 

1. R l = 2KO 
2- V CM = ±10V 

3. A v > 10 

4. V Q = ± 10.0V 

5. Cl = 50pF 





6. Absolute Maximum Ratings are limiting val- 
ues, applied individually, beyond which the 
serviceability of the circuit may be impaired. 

7. V 0 = ±200mV 

8. See Transient Response Test Circuits and 
Waveforms. 

9. AV = +5.0V 


10. This parameter value is based on design cal- 
culations. 

11. Full Power Bandwidth guaranteed based on 
slew rate measurement using: 

FPBW = S.R./2nVpeak. 

12. Vqut = ±5V - 
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HA-2500/2502/2505 


Performance Curves V+ = +15VDC, V- = -1 5VDC, Ta = + 25OC, Unless Otherwise Stated 

EQUIVALENT INPUT NOISE vs. BANDWIDTH 

INPUT BIAS AND OFFSET CURRENT vs. TEMPERATURE (With 10Hz High Pass Filter) 




-50 -25 0 +25 +50 +75 +100 +125 

TEMPERATURE (°C) 


1kHz 10kHz 100kHz 

FREQUENCY (Hz) 


NORMALIZED AC PARAMETERS vs. TEMPERATURE 


OPEN-LOOP FREQUENCY AND PHASE RESPONSE 










- 






SLEW 

IATE 














BAN0WI0T 

_ _ L _ 

H 









-5 

0 -2 

5 

0 +5 

!5 +! 


5 +1 

00 +125 



10k 100k 1M 10M 100M 

FREQUENCY (Hz) 


NORMALIZED AC PARAMETERS vs. 
SUPPLY VOLTAGE AT +250C 



OPEN LOOP FREQUENCY RESPONSE FOR 
VARIOUS VALUES OF CAPACITORS FROM 
COMPENSATION PIN TO GROUND 



10k 100k 

FREQUENCY (Hz) 


NOTE: External compensation components are not required for stability, but 
may be added to reduce bandwidth if desired. 


OPEN LOOP VOLTAGE GAIN vs. TEMPERATURE 


OUTPUT VOLTAGE SWING vs. FREQUENCY AT +25°C 





1 

VSUPPLY * 

*o.ov 

1 

VSUPPLY *± 

15.0 V 
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90 
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V SUPPLY* ±10 OV 
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HA-2500/2502/2505 


Typical Performance Curves (Continued) 

POWER SUPPLY CURRENT vs TEMPERATURE 




R L = 2Kft, C L = 50pF 
Upper Trace: Input 
Lower Trace: Output 


Vertical = 5V/Div. 
Horizontal = 200ns/Div. 

T A = +250C, V s = ± 15.0V 


Test Circuits 


SLEW RATE AND 

SETTLING TIME TRANSIENT RESPONSE 



SLEW RATE AND 
TRANSIENT RESPONSE 


SUGGESTED 
V 0 S ADJUSTMENT 



NOTE: Measured on Both Positive and Negative Transitions from Tested Offset Adjustment Range is I Vqs +1 mV I minimum referred 

0V to +200mV and 0 V to -200mV at the output. to output. Typical ranges are ±6mV with Rj = 20kfl. 


Settling Time Circuit 



• Feedback and Summing Resistor Ratios Should be 0.1% matched. 

• Clipping Diodes CR1 and CR2 are Optional. HP5082-2810 
Recommended. 


Die Characteristics 


Transistor Count 

Die Dimensions 

Substrate Potential 

Process 

Thermal Constants (°C/W) 

40 

. . 57 x 65 x 19 mils 

Unbiased 

Bipolar-DI 

Oja Ojc 

HA2-Metal Can (-2, -5, -7) 

202 

56 

HA2-MetaI Can (-8,/883) 

168 

52 

HA3-Plastic Mini-DIP (-5) 

84 

34 

HA4-Ceramic LCC (/883) 

97 

35 

HA7-Ceramic Mini-DIP (-8, /883) 

138 

63 

HA7-Ceramic Mini-DIP (-2, -5, -7) 

204 

112 


3 
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HARRIS ha-25 1 0/1 2/1 5 


August 1991 


High Slew Rate 
Operational Amplifiers 


Features 

• High Slew Rate 60V/jjs 

• Fast Settling 250ns 

• Wide Power Bandwidth 1,000kHz 

• High Gain Bandwidth 12MHz 

• High Input Impedance lOOMft 

• Low Offset Current 10nA 

• Internally Compensated For Unity Gain Stability 

Description 

HA-2510/2512/2515 are a series of high performance 
operational amplifiers which set the standards for maximum 
slew rate, highest accuracy and widest bandwidths for 
internally compensated monolithic devices, in addition to 
excellent dynamic characteristics, these dielectrically isolated 
amplifiers also offer low offset current and high input 
impedance. 

The ±60V/fiS slew rate and 250ns (0.1%) settling time of 
these amplifiers is ideally suited for high speed D/A, A/D, and 
pulse amplification designs. HA-2510/251 2/251 5’s superior 
12MHz gain bandwidth and 1000kHz power-bandwidth is 
extremely useful in R.F. and video applications. For accurate 


Pinouts 

HA7-251 0/1 2/1 5 
(CERAMIC MINI-DIP) 
HA3-2515 (PLASTIC MINI-DIP) 
TOP VIEW 


Applications 

• Data Acquisition Systems 

• R.F. Amplifiers 

• Video Amplifiers 

• Signal Generators 

• Pulse Amplification 


signal conditioning these amplifiers also provide 10nA offset 
current, coupled with 100MH input impedance, and offset 
trim capability. 

The HA-251 0 and HA-251 2 have guaranteed operation from 
-55°C to +125°C and are available in Metal Can and. 
Ceramic Mini-DIP packages. Both are offered as a /883 
military grade part with the HA-2512 also available in LCC 
package. The HA-2515 has guaranteed operation from 0°C 
to +75°C and is available in Plastic and Ceramic Mini-DIP 
and Metal Can packages. Mil-Std-883 product and data 
sheets are available upon request. 



HA2-251 0/1 2/15 
(TO-99 METAL CAN) 
TOP VIEW 




CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications HA-2510/2512/2515 


Absolute Maximum Ratings (Note 6) 


Operating Temperature Range 


Voltage Between V+ and V- Terminals 40.0V HA-2510/2512-2 - 55 OC ^Ta^+1250C 

Differential Input Voltage ±15.0V HA-2515-5 0°C<T A <+75OC 


Peak Output Current 50mA HA-251 5-9 

Internal Power Dissipation 300mW Storage Temperature Range . 


.. -40°C<Ta^+85OC 
. -65°C <J A <+150°C 


Lead Solder Temperature (1 0 Seconds) +275°C Maximum Junction Temperature +175°C 


Electrical Specifications v+ = + 15 V DC, v- = - 15 V DC 


PARAMETER 


INPUT CHARACTERISTICS 


Offset Voltage 

Offset Voltage Average Drift 
Bias Current 

Offset Current 

Input Resistance (Note 10) 
Common Mode Range 


TRANSFER CHARACTERISTICS 



Large Signal Voltage Gain 
(Note 1,4) 

+25°C 

Full 

10K 

7.5K 

15K 

Common Mode Rejection Ratio (Note 2) 

Full 

80 

90 

Gain Bandwidth Product (Note 3) 

+25°C 

- 

12 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 1 ) 

Full 

±10.0 

±12.0 

Output Current (Note 4) 

+25°C 

±10 

±20 

Full Power Bandwidth (Notes 4, 1 1) 

+25°C 

750 

1000 


7.5K 

15K 

5K 

- 

74 

90 

- 

12 


7.5K 

15K 

5K 

- 

74 

90 

- 

12 


±10.0 

±12.0 

±10 

±20 

600 

1000 


±10.0 

±12.0 

±10 

±20 

600 

1000 



TRANSIENT RESPONSE 


Rise Time (Notes 1 , 5, 7 & 8) 

Overshoot (Notes 1 , 5, 7 & 8) 

Slew Rate (Notes 1 , 5, 8 & 1 2) 

Settling Time to 0.1 % 

(Notes 1 , 5, 8 & 1 2) 

POWER SUPPLY CHARACTERISTICS 


Supply Current 

Power Supply Rejection Ratio (Note 9) 


±50 ±65 

0.25 


50 

- 

25 

50 

- 

40 

- 

25 

50 

- 

- 

±40 

±60 

- 

±40 

- 

- 

0.25 


- 


+25°C 

4 

6 

- 

4 

6 

- 

Full 80 

90 

- 

74 

90 

- 

74 



NOTES: 

1. R L = 2KQ 

2. V CM = ±10V 

3. Ay > 1 0 

4. V Q = ± 10.0V 

5. Cl = 50pF 


6. Absolute Maximum Ratings are limiting val- 
ues, applied individually, beyond which the 
serviceability of the circuit may be impaired. 

7. V Q = ±200mV 

8. See Transient Response Test Circuits and 
Waveforms. 

9. AV = ±5.0V 


10. This parameter value is based on design cal- 
culations. 

11. Full Power Bandwidth guaranteed based on 
slew rate measurement using: 

FPBW = S.R./2nVpeak. 

12. VqUT = ±5V. 
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HA-2510/25 12/25 15 


Typical Performance Curves (Continued) 

POWER SUPPLY CURRENT vs TEMPERATURE VOLTAGE FOLLOWER PULSE RESPONSE 



TEMPERATURE^) 


R l = 2KD, C L = 50pF Vertical = 5V/Div. 

Upper Trace: Input Horizontal = 200ns/Div. 

Lower Trace: Output T^ = +25°C, Vg = ±15.0V 


Test Circuits 


SLEW RATE AND SLEW RATE AND SUGGESTED 

SETTLING TIME TRANSIENT RESPONSE TRANSIENT RESPONSE V 0 S ADJUSTMENT 



TIME 


NOTE: Measured on Both Positive and Negative Transitions from Tested Offset Adjustment Range is I Vqs +1 mV I minimum referred 
0 V to +200mV and OV to -200mV at the output. to output. Typical ranges are ±6mV with Rj = 20kfl. 


Settling Time Circuit 



• Ay = -1 

• Feedback and Summing Resistor Ratios Should be 0.1% matched. 

• Clipping Diodes CR1 and CR2 are Optional. HP5082-2810 
Recommended. 


Die Characteristics 

Transistor Count 40 

Die Dimensions 57 x 65 x 1 9 mils 

Substrate Potential Unbiased 

Process Bipolar-DI 

Thermal Constants (OC/W) 0j a 0j C 

HA2-Metal Can (-2, -5, -7) 202 56 

HA2-Metal Can (-8, /883) 1 68 52 

HA3-Plastic Mini-DIP (-5) 84 34 

HA4-Ceramic LCC (/883) 97 35 

HA7-Ceramic Mini-DIP (-8, /883) 1 38 63 

HA7-Ceramic Mini-DIP (-2, -5, -7) 204 112 







HA -2510/25 12/25 15 
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® Harris HA-2520/22/25 


August 1991 


Uncompensated High Slew Rate 
Operational Amplifiers 


Features 

• High Slew Rate 120 V/[js 

© Fast Settling 200ns 

• Wide Power Bandwidth 2,000kHz 

• High Gain Bandwidth (Ay >3) 20MHz 

• High Input Impedance 100Mf2 

• Low Offset Current 10nA 

Description 

HA-2520/2522/2525 comprise a series of monolithic 
operational amplifiers delivering an unsurpassed 
combination of specifications for slew rate, bandwidth and 
settling time. These dielectrically isolated amplifiers are 
controlled at close loop gains greater than 3 without 
external compensation. In addition, these high performance 
components also provide low offset current and high input 
impedance. 

120V/jiS slew rate and 200ns (0.2%) settling time of these 
amplifiers make them ideal components for pulse 
amplification and data acquisition designs. These devices 
are valuable components for R.F. and video circuitry 
requiring up to 20MHz gain bandwidth and 2MHz power 


Pinouts 

HA7-2520/22/25 
(CERAMIC MINI-DIP) 
HA3-2525 (PLASTIC MINI-DIP) 
TOP VIEW 


Applications 

• Data Acquisition Systems 

• R.F. Amplifiers 

• Video Amplifiers 

• Signal Generators 

• Pulse Amplification 


bandwidth. For accurate signal conditioning designs the 
HA-2520/2522/2525’s superior dynamic specifications 
are complimented by 10nA offset current, lOOMfi input 
impedance and offset trim capability. 

The HA-2520 and HA-2522 have guaranteed operation 
from -550C to +125°C and are available in metal can and 
Ceramic Mini-DIP packages. Both are offered in /883 grade 
with the HA-2522 also available in LCC package. The 
HA-2525 has guaranteed operation from 0°C to +750C 
and is available in plastic and Ceramic Mini-DIP and metal 
can packages. Mil-Std-883 product and data sheets are 
available upon request. 



HA2-2520/22/25 
(TO-99 METAL CAN) 
TOP VIEW 




CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications HA-2520/2522/2525 


Absolute Maximum Ratings (Note 13) 


Voltage Between V+ and V- Terminals 40.0V 

Differential Input Voltage ±1 5.0V 

Peak Output Current 50mA 

Internal Power Dissipation 300mW 

Lead Solder Temperature (10 Seconds) +275°C 


Operating Temperature Range 

HA-2520/2522-2 -55°C <T A < +125°C 

HA-2525-5 0°C < T A < +75°C 

HA-2525-9 -40°C < T A < +85°C 

Storage Temperature Range -65°C < T A < +1 50°C 

Maximum Junction Temperature +175°C 


Electrical Specifications v+ = +isv dc, v- = -isv dc 




HA-2520- 


HA-2522- 

2 

HA-2525-5 

-9 


PARAMETER 

TEMP 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 


Offset Voltage 


H 

D 

8 

- 


10 


5 

10 

■QH 



1 

mm 

11 

- 


14 


- 

14 


Offset Voltage Drift 


- 

20 

- 

- 

25 

- 

- 

30 

~ 

pV/°C 

Bias Current 


mm 

100 

200 

- 

125 


| 

125 


nA 



H 

- 

400 

- 

- 


■ 

- 

. 

nA 

Offset Current 

+25°C 

- 

10 

25 

- 

20 

50 

- 


50 

nA 


Full 

- 

- 

50 

- 

- 

100 

- 


100 

nA 

Input Resistance (Note 9) 

+25°C 


100 

- 

40 

100 

- 

KB 


- 


Common Mode Range 

Full 

±10.0 

- 

- 

±10.0 

- 

- 

SEE! 

- 

- 

V 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain 



15K 

- 






- 


(Notes 1 , 4) 



- 

- 






- 


Common Mode Rejection Ratio 
(Note 2) 

Full 

80 

90 

- 

74 


- 

74 


- 

dB 

Gain Bandwidth Product 
(Notes 3,12) 

+25°C 

10 

20 

- 

H 

20 

- 

10 


- 

MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 1 ) 

Full 

±10.0 

±12.0 

- 

±10.0 

±12.0 

- 

±10.0 

±12.0 

- 

V 

Output Current (Note 4) 

+25°C 

±10 

±20 

- 

±10 

±20 

- 

±10 


- 

mA 

Full Power Bandwidth (Notes 4, 1 0) 

+25°C 

1500 

2000 

- 

1200 

2000 

- 

1200 


- 

kHz 

TRANSIENT RESPONSE (A V = +3V) 

Rise Time (Notes 1 , 5, 6 & 8) 

+25°C 

- 

25 

50 

- 

25 

50 

- 

mm 

El 

ns 

Overshoot (Notes 1 , 5, 6, & 8) 

+25°C 


25 

40 

- 

25 

50 

- 



HB1 

Slew Rate ( Notes 1, 5, 8& 11) 

+25°C 

±100 

±120 

- 

±80 

±120 

- 

±80 


- 

B2SI 

Settling Time (Notes 1 , 5, 8 & 1 1 ) 

-F25°C 


0.20 

- 

- 

0.20 


- 

0.20 

- 

ps 

POWER SUPPLY CHARACTERISTICS 

Supply Current 

+25°C 

- 

4 

6 

- 

4 

CO 

- 

4 

6 

mA 

Power Supply Rejection Ratio 
(Note 7) 

Full 

80 

90 

- 

74 

90 

- 

74 

90 


dB 


NOTES: 


1. R|_ = 2kfl 

2. V CM = ±10V 

3. A V > 10 

4. V 0 = ± 10.0V 

5. C L = 50pF 

6. V Q = ±200mV 


7. AV = ±5.0V 

8. See Transient Response Test Circuits and Waveforms. 

9. This parameter value is based on design calculations. 

10. Full Power Bandwidth guaranteed based on slew rate 
measurement using: FPBW = S.R./2nVpeak. 


H. Vqut = ±5V 

12. Guaranteed by design. 

13. Absolute Maximum Ratings are limiting values, applied 
individually, beyond which the serviceability of the 
circuit may be impaired. Functional operation under 
any of these conditions is not necessarily implied. 
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HA-2520/2522/2525 


Performance Curves V+ = +15VDC, V- = -15VDC, Ta = +250C, Unless Otherwise Stated 

INPUT BIAS AND OFFSET CURRENT vs. TEMPERATURE EQUIVALENT INPUT NOISE vs. BANDWIDTH 

(with 10 Hz High Pass Filter) 


> 

v 




1 

V SUPPLY = ± 

15V 





— BIAS CURRENT - 








• 









\ 
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1 ^ 

__ OFFSET CURRENT 


, 
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z 




TEMPERATURE(»C) 

NORMALIZED AC PARAMETERS vs. TEMPERATURE 


100Hz 1kHz 10kHz 100kHz 1M1 

FREQUENCY (10Hz) 

OPEN-LOOP FREQUENCY AND PHASE RESPONSE 



-551-50 -25 0 +25 +50 +75 +100 +125 

TEMPERATUREPC) 

NORMALIZED AC PARAMETERS vs. 
SUPPLY VOLTAGE AT +25°C 


SLEW RATE 

u-pf- 

I BANDWIDTH 



0 +25 +50 +75 +100 +125 

TEMPERATURES) 
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SUPPLY VOLTAGE 

OPEN LOOP VOLTAGE GAIN vs. TEMPERATURE 


10K 100K 

FREQUENCY(Hz) 


OPEN LOOP FREQUENCY RESPONSE FOR 
VARIOUS VALUES OF CAPACITORS FROM 
BANDWIDTH CONTROL PIN TO GROUND 



10 100 IK 10K 10DK 1M 10M 1001 

FREQUENCY (HZ) 

NOTE: External compensation components are not required for stability, but 
may be added to reduce bandwidth if desired. 

OUTPUT VOLTAGE SWING vs. FREQUENCY AT +25°C 

35 1 vi U ppLv"."±2oi 1 1 min i mum inn i ilium 


mi 

■■ 


1MEG 10MEG 
FREQUENCY(Hz) 
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HA-2520/2520/2525 



SUGGESTED 
V 0 S ADJUSTMENT 


^ f 1— OOUT 

5pF^ : :1333il ;;50pF 

• : 667 A — 


NOTE: Measurement on both positive and negative transitions from OV to Tested Offset Adjustment Range is I VOS +1 mV I minimum referred to ouput. 
+200mV and OV to -200mV at the output. Typical range is +20mV to -18mV with Rj = 20kfl. 
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HA-2520/2522/2525 


Typical Application 



NOTE: Compensation Circuit for Ay =-1 
Slew Rate « 120V/ps 
Bandwidth s; 10MHz 
Settling Time (0.1%) « 500ns 

Capacitance at pin 8 must be minimized for maximum bandwidth. 
Tested and functional with supply voltages from ±4 V to ±15V. 


FREQUENCY RESPONSE FOR 
INVERTING UNITY GAIN CIRCUIT 



1 0K 100K 1M 10M 

START 10 000 . 000Hz STOP 30 000 . 000Hz 


Die Characteristics 

Transistor Count 


40 

Die Dimensions 

. . 57 x 65 x 19 mils 

Substrate Potential 


.Unbiased 

Process 


Bipolar-DI 

Thermal Constants (°C/W) 

6ja 

9jc 

HA2-Metal Can {-2, -5, -7) 

206 

56 

HA2-Metal Can (-8, /883) 

168 

52 

HA3-Plastic Mini-DIP (-5) 

90 

39 

HA4-Ceramic LCC (/883) 

99 

37 

HA7-Ceramic Mini-DIP (-8, /883) 

100 

28 

HA7-Ceramic Mini-DIP (-2, -5, -7) 

204 

112 
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Uncompensated, High Slew Rate 
High Output Current, Operational Amplifier 



August 1991 


Features 

° High Slew Rate 1 50V/ps 

® Fast Settling 200ns 

® Wide Power Bandwidth 2MHz 

® Wide Gain Bandwidth (Ay> 3) 20MHz 

• High Input Impedance 130MT1 

® Low Offset Current 5nA 

® High Output Current ±30mA 


Description 

The HA-2529 is a monolithic operational amplifier which 
typifies excellence of design. With a design based on years 
of experience coupled with the reliable dielectric isolation 
process, these amplifiers provide an outstanding 
combination of DC and AC parameters at closed loop gains 
greater than 3. 

The HA-2529 offers 150 V/jjs slew rate and fast settling 
time (200ns), while consuming a mere 6mA of quiesent 
current, making these amplifiers ideal components for video 
circuitry and data acquisition designs. With 20MHz 
gain-bandwidth combined with 7.5kV/V open loop gain, the 
HA-2529 is an ideal component for demanding signal 
conditioning designs.These devices provide ±30mA output 


Applications 

® Data Acquisition Systems 
® R.F. Amplifiers 
° Video Amplifiers 
® Signal Generators 
® Pulse Amplification 


current drive with an output voltage swing of ±10V making 
then suited for pulse amplifier and R.F. amplifier 
components. 

The HA-2529 will upgrade output current, slew rate, offset 
voltage drift and offset current drift in systems presently 
using the HA-2520/22/25 or EHA-2520/22/25. 

The HA-2529-2 has guaranteed operation over the military 
temperature range (-550C to +1 25°C) and the HA-2529-5 
has guaranteed operation over the commercial temperature 
range (0°C to +75°C). MIL-STD-883 product and data 
sheets are available upon request. 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjjg |\Jurnber 2895 

Copyright © Harris Corporation 1991 
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Specifications HA- 2 5 29 


Absolute Maximum Ratings (Note 1) 

Voltage Between V+ and V- Terminals 40.0V 

Differential Input Voltage ±15V 

Output Current 90mA (Peak) 

Internal Power Dissipation (Note 10) 300mW 

Maximum Junction Temperature +175°C 


Operating Temperature Ranges 

HA-2529-2 -55<>C < Ta < +1 25°C 

HA-2529-5 0°C<T A <+75°C 

Storage Temperature Range -65°C < Ta < +1 50°C 


Electrical Specifications Vs =±15V, Cl = 50pF, Rl = 2kft, Unless Otherwise Specified 


PARAMETER 


INPUT CHARACTERISTICS 



Offset Voltage (Note 8) 

+25°C 

- 

2 

5 

- 

2 

10 

mV 


Full 

- 

- 

8 

- 

- 

14 

mV 

Average Offset Voltage Drift (Note 8) 

Full 

- 

10 

- 

- 

10 

- 

pV/°C 

Bias Current (Note 8) 

+25°C 

- 

50 

200 

- 

50 

250 

nA 


Full 

- 

80 

400 

- 

80 

400 

nA 

Average Bias Current Drift (Note 8) 

Full 

- 

0.2 

- 

- 

0.2 

- 

nA/0C 

Offset Current (Note 8) 

+2 50C 

- 

5 

25 

- 

5 

50 

nA 


Full 

- 

10 

50 

- 

10 

100 

nA 

Average Offset Current Drift 

Full 

- 

0.02 

- 

- 

0.02 

- 

nA/OC 

Common Mode Range 

Full 

±10 

±13 

- 

±10 

±13 

- 

V 

Differential'lnput Resistance (Note 11) 
Differential Input Capacitance 

Input Noise Voltage (f = 1 kHz) 

Input Noise Current (f = 1 kHz) 

+25°C 

+250C 

+25°C 

+25©C 

50 

130 

3 

20 

1.8 

■ 

50 

130 

3 

20 

1.8 

- 

MH 

PF 

nV/y/Hz 

pAA/Hz 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 3) 

+250C 

10 

18 


Full 

7.5 

15 

Common Mode Rejection Ratio (Note 5) 

Full 

80 

100 

Gain- Bandwidth Product (Note 2, 1 1 ) 

+25PC 

15 

20 

Minimum Stable Gain 

+250C 

3 




7.5 

18 

5 

15 

74 

100 

15 

20 

3 

- 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 

Full Power Bandwidth (Notes 3 & 6) 

Output Current (Note 8) 

Output Resistance (Open Loop) 


TRANSIENT RESPONSE (A V = +3) 



±10 
2.1 

30 35 

25 30 

30 



Rise Time (Note 2, 7) 

Overshoot (Note 2, 7) 

Slew Rate (Note 3, 7) 

Settling Time (Note 4, 7) 

+2 5°C 
+25PC 
+2 50C 
+25°C 

135 

20 

10 

150 

200 

45 

30 

135 

20 

10 

150 

200 

50 

30 

ns 

% 

V/ps 

ns 

POWER SUPPLY CHARACTERISTICS 









Supply Current 

Full 

- 

4.5 

6 

- 

4.5 

6 

mA 

Power Supply Rejection Ratio (Note 1 2) 

Full 

80 

90 

- 

74 

90 

- 

dB 


NOTE: 

1. Absolute maximum ratings are limiting values, applied individually be- 
yond which the serviceability of the circuit may be impaired. Functional 
operability under any of these conditions is not necessarily implied. 

2. Vqut = ±200mV, A \j > 3. 

3. V 0 UT » ±10V. 

4. Settling Time is specified to 0.1 % of final value for a 1 0V output step and 
A v « -1 . 

5. AV cm = ±10V. 

6. Full Power Bandwidth is guaranteed by equation: FPBW = slew ^ ate 

2jiV PEAK 


7. See Transient Response and Settling Time Test Circuits. 

8. Refer to typical performance curve in data sheet. 

9- v OUT = ±5V - 

10. Refer to package thermal constants in Die Information section. 

11. Parameter is guaranteed by design and characterization data. 

12. AV S = ±1 0V to ±20V. 
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HA-2529 


Test Circuits 

SLEW RATE AND TRANSIENT 

SETTLING TIME WAVEFORM RESPONSE WAVEFORM 


SLEW RATE AND 
TRANSIENT RESPONSE 
TEST CIRCUIT 


SUGGESTED 
V 0 S ADJUSTMENT 



NOTE: Measured on both positive and 
negative transitions from 0 to 
+200mV and 0 to -200mV. 


Tested Offset Adjustment is I Vqs +1 mV I 
minimum referred to output. Typical range 
is +28mV to -18mV with R T = 20kD. 


LARGE SIGNAL RESPONSE 
Horizontal Scale: (200ns/Div.) 
Vertical Scale: (2V/Div. Input) 
(5V/Div. Output) 



SMALL SIGNAL RESPONSE 

Horizontal Scale: (200ns/Div.) 
Vertical Scale : (50mV/Div. Input) 
(1 OOmV/Div. Output) 



Settling Time Circuit 



• A v = -3 

• Feedback and summing resistor ratios should be 
0.1% matched. 

• Clipping diodes CR1 and CR2 are optional. 
HP5082-2810 recommended. 
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OFFSET CURRENT vs. TEMPERATURE OPEN LOOP GAIN vs. TEMPERATURE 

5 Typical Units From 3 Lots @ Vs = ±1 5V 6 Typical Units From 3 Lots @ V$ = ±1 5V 



-60 - 40 - 20 0 20 40 60 80 100 120 - 60 - 40 - 20 0 20 40 60 80 100 120 


TEMPERATURE (°C) TEMPERATURE (°C) 


OUTPUT CURRENT vs. SUPPLY VOLTAGE OUTPUT VOLTAGE SWING vs. SUPPLY VOLTAGE 



SUPPLY VOLTAGE (+ V) SUPPLY VOLTAGE (± V) 





HA-2529 


Typical Performance Curves (Continued) 

SUPPLY CURRENT vs. SUPPLY VOLTAGE 

Over Full Temperature FREQUENCY RESPONSE AT VARIOUS GAINS 



a 

0° o 


-135° 


100 IK 10K 100K 1 M 10M 100M 

FREQUENCY (Hz) 


OPEN LOOP FREQUENCY RESPONSE FOR VARIOUS 
VALUES OF CAPACITORS FROM BANDWIDTH 

CONTROL PIN TO GROUND INPUT NOISE CHARACTERISTICS 




10K 100K 1M 10M 


FREQUENCY (Hz) 


NORMALIZED A.C. PARAMETERS vs. SUPPLY VOLTAGE 
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HA-2529 


Typical Applications 


10K 



FREQUENCY RESPONSE FOR 
INVERTING UNITY GAIN CIRCUIT 



10K 100K 1M 10M 


FREQUENCY (Hz) 


0° W 

u UJ 

HI 

- 45 ° g 
-90° q 

-1350 $ 

-180° T 
Q. 


NOTE: • Compensation Circuit for Ay = -1 

• Slew Rate ~ 1 20V/jis 

• Bandwidth « 10MHz 

• Settling Time (0.1%) ~ 500ns 

• Capacitance at pin 8 must be minimized for 
maximum bandwidth. 

• Tested and functional with supply voltages from 
±4V to ±1 5V. 


Die Characteristics 

Transistor Count 40 

Die Dimensions 1 660pm x 1 300|jm x 485|jm 

(65 mils x 51 mils x 19 mils) 

Substrate Potential V- 

Process Bipolar-DI 

Thermal Constants (°C/W) 0j a 0j C 

HA2-Metal Can (-2, -5, -7) 206 56 

HA2-Metal Can (-8, /883) 168 52 

HA3-Plastic Mini-DIP (-5) 90 39 

HA4-Ceramic LCC (/883) 99 37 

HA7-Ceramic Mini-DIP (-8, /883) 140 65 

HA7-Ceramic Mini-DIP (-2, -5, -7) 204 112 
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Operational Amplifier 



3-277 


OPERATIONAL 

AMPLIFIERS 







Specifications HA-2539 


Absolute Maximum Ratings (Note i) 


Voltage Between V+ and V- Terminals 35V 

Differential Voltage ±6V 

Peak Output Current 50mA 

Continuous Output Current 33mA rms 

Internal Quiescent Power Dissipation (Note 2) 870mW 


(Ceramic DIP) 


Operating Temperature Range 

HA-2539-2 -55°C < TA < +1 25°C 

HA-2539/2539C-5 0°C<TA<+75OC 

HA-2539-9 -40°C < TA < +85°C 

Storage Temperature Range -65°C < TA < +1 50°C 

Maximum Junction Temperature +175°C 


Electrical Specifications V SU pp LY = ±15V, R l = Ikn, C L < lOpF, Unless Otherwise specified. 




HA-2539- 

2 

HA- 

2539-5 

-9 

HA-2539C-J 

>, -9 


PARAMETER 

TEMP 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

INPUT CHARACTERISTICS 

Offset Voltage 

+25°C 

- 

8 

10 

- 

8 

15 

- 

8 

15 

mV 


Full 

- 

13 

15 

- 

13 

20 

- 

13 

20 

mV 

Average Offset Voltage Drift 

Full 

- 

20 

- 

- 

20 

- 

- 

20 

- 

pV/oc 

Bias Current 

+25°C 

- 

5 

20 

- 

5 

20 

- 

5 

20 

pa 


Full 

- 

- 

25 

- 

- 

25 

- 

- 

25 

pA 

Offset Current 

+25°C 

- 

1 

6 

- 

1 

6 

- 

1 

6 

pA 


Full 

- 

- 

8 

- 

- 

8 

- 

- 

8 

pA 

Input Resistance 

+2 50C 

- 

10 

- 

- 

10 

- 

- 

10 

- 

kfl 

Input Capacitance 

+250C 

- 

1 

- 

- 

1 

- 

- 

1 

- 

PF 

Common Mode Range 

Full 

±10 

- 

- 

±10 

- 

- 

±10 

- 

- 

V 

Input Current Noise 

+25°C 

- 

6 

- 

- 

6 

- 

- 

6 

- 

pA/v/H T 

(f = 1 KHz, RsOURCE = ori ) 

Input Voltage Noise 
(f = 1 KHz, RsOURCES = 0TI) 

+25°C 

- 

6 

- 

- 

6 

- 

- 

6 

- 

nV/v^Hz" 

TRANSFER CHARACTERISTICS 

Large Signal Vojtage Gain 

+25°C 

10K 

15K 

- 

10K 

15K 

BjHH 

7K 

10K 

- 

V/V 

(Note 3) 

Full 

5K 

- 

- 

5K 

- 

■ . 

5K 

- 

- 

V/V 

Common-Mode Rejection Ratio 

Full 

60 

72 

- 

60 

72 


60 

72 

- 

dB 

(Note 4) 

Minimum Stable Gain 

+2 50C 

10 


_ 

10 

_ 

■ 

10 

_ 

_ 

V/V 

Gain Bandwidth Product 

+2 50C 

- 

600 

- 

- 

600 


- 

600 

- 

MHz 

(Notes 5 & 6) 







1 1 





OUTPUT CHARACTERISTICS 

Output Voltage Swing 

Full 

±10 

- 

- 

±10 

- 

- 

±10 


- 

V 

(Note 3, 1 0) 

Output Current (Note 3) 

+250C 

±10 

±20 

_ 

±10 

±20 

_ 

±10 

±20 

_ 

mA 

Output Resistance 

+250C 

- 

30 

- 

- 

30 

- 


30 

- 

n 

Full Power Bandwidth 

+2 50C 

8.7 

9.5 

- 

8.7 

9.5 

- 

8.7 

9.5 

- 

MHz 

(Notes 3 & 7) 












TRANSIENT RESPONSE (Note 8) 

Rise Time 

+250C 

- 

7 

H 

- 

7 

| 

- 

7 

| 

ns 

Overshoot 

+2 50C 

- 

15 

III 

- 

15 

■ 

- 

15 


% 

Slew Rate 

+2 5°C 

550 

600 

I 

550 

600 

■ 

550 

600 

1 

V/fjs 

Settling Time: 1 0V Step to 0.1 % 

+25°C 

- 

180 

1 

- 

180 

■ 

- 

200 

■ 

ns 

POWER REQUIREMENTS 

Supply Current 

Full 

- 

El 

25 

- 

20 

25 

- 

20 

25 

mA 

Power Supply Rejection Ratio 

Full 

60 

1 


60 

70 


60 

70 

- 

dB 

(Note 9) 



Bfl 




























HA-2539 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, 
beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not 
necessarily implied. 


2. This value assumes a no load condition: Maximum power dissipation 
with load conditions must be designed to maintain the maximum 
junction temperature below +175°C. By using Application Note 556 
on Safe Operating Area equations, along with the packaging thermal 
resistances listed in the die information section, proper load 
conditions can be determined. Heat sinking is recommended above 
+75°C with suggested models: 

Thermalloy #6007 (0 SA =4O°C/W) or AAVID #5602B (Osa= 16 °C/W). 


3. Rl = Ikn, Vq = ±10V 

4. VCM = ±10V 

5. V Q = 90mV 

6. A v = 10. 

7. Full Power Bandwidth guaranteed based on slew 

Slew Rate 

rate measurement using FPBW = 

2nV PEAK 

8. Refer to Test Circuits section of data sheet. 

9. V SU ppLY = ±5VDC to ±15VDC 

10. Guaranteed range for output voltage is ±10V. Functional operation out- 
side of this range is not guaranteed. 


Test Circuits 


TEST CIRCUIT 

-9 O OUT 

* 900ft 

k 1000 . 



V s = ±1 5V 
A V = +10 
C L < 10pF 


LARGE SIGNAL RESPONSE 
Vertical Scale: A = 0.5V/Div. f B = 5.0V/Div. 
Horizontal Scale: Time: 50ns/Div. 



SMALL SIGNAL RESPONSE 
Vertical Scale: Input = 10mV/Div., Output = 50mV/Div. 
Horizontal Scale: 20ns/Div. 



SETTLING TIME TEST CIRCUIT 



•A v = -10 

° Load Capacitance should be less than lOpF. 

• It is recommended that resistors be carbon composition and that feed- 
back and summing network ratios be matched to 0.1%. 

8 SETTLE POINT (Summing Node) capacitance should be less than lOpF. 
For optimum settling time results, it is recommended that the test circuit 
be constructed directly onto the device pins. A Tektronix 568 Sampling 
Oscilloscope with S-3A sampling heads is recommended as a settle point 
monitor. 
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NOISE CURRENT (-pAA/Hz) 








OUTPUT VOLTAGE STEP (VOLTS) 


HA-2539 
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HA-2539 


Applications 

FREQUENCY COMPENSATION 
BY OVERDAMPING 


STABILIZATION USING Z !N 



REDUCING DC ERRORS 
COMPOSITE AMPLIFIER 


R5 R4lOK^ 



NOTE: No connect pins (NC) on the HA-2539 should be tied to a ground 
plane. 

Refer to Figure 4 in Application Note 541 for detailed Application 
suggestions. 



DIFFERENTIAL GAIN ERROR (3%) 
HA-2539 20dB VIDEO GAIN BLOCK 


Die Characteristics 


Transistor Count 

Die Dimensions 

Substrate Potential (Power Up)* 

Process 

Passivation 


30 

75 x61 x 19 mils 

(1 910pm x 1550pm x 483pm) 

V- 

. . . High Frequency Bipolar-DI 

Nitride 


Thermal Constants (°C/W) 

9 ja 

9jc 

HA1 -2539/2539C Ceramic DIP 

104 

48 

HA3-2 539/2 539 C Plastic DIP 

95 

46 

HA9P2539/2539C SOIC 

119 

36 


*The substrate may be left floating (Insulating Die Mount) or it may be 
mounted on conductor at V- potential. 
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HA-2540 


August 1 991 


Wideband, Fast Settling 
Operational Amplifier 


Features 

• Very High Slew Rate 400V/ps 

• Fast Settling Time 140ns 

• Wide Gain-Bandwidth (AV> 10) 400MHz 

• Power Bandwidth 6MHz 

• Low Offset Voltage 8mV 

• Input Voltage Noise enV/^/Hz 

• Output Voltage Swing ±10V 


• Monolithic Bipolar Construction 

Applications 

• Pulse and Video Amplifiers 

• Wideband Amplifiers 

° High Speed Sample-Hold Circuits 

• Fast, Precise D/A Converters 


Description 

The Harris HA-2540 is a wideband, very high slew rate, 
monolithic operational amplifier featuring superior speed 
and bandwidth characteristics. Bipolar construction 
coupled with dielectric isolation allows this truly differential 
device to deliver outstanding performance in circuits where 
closed loop gain is 1 0 or greater. Additionally, the HA-2540 
has a drive capability of ±10V into a 1KH load. Other 
desirable characteristics include low input voltage noise, 
low offset voltage, and fast settling time. 

A 400V/|js slew rate ensures high performance in video and 
pulse amplification circuits, while the 400MHz gain-band- 
width-product is ideally suited for wideband signal 
amplification. A settling time of 140ns also makes the 
HA-2540 an excellent selection for high speed Data 
Acquisition Systems. 

The HA-2540-2 is specified over the -550C to +1250C 
range while the HA-2540-5 is specified from 0°C to 
+75°C. The HA-2540 is available in the 14 pin Ceramic 
and Plastic DIP packages. A SO 1C packaging option is also 
available in -5 and -9 temperature grades. 

Refer to Application Note 541 and Application Note 556 for 
more information on High Speed Op-Amp applications. 
M1L-STD-883 data sheet is available on request. 


Pinout 

HA1 -2540/2540C (CERAMIC DIP) 
HA3-2540/2540C (PLASTIC DIP) 
HA9P2540/2540C (SOIC) 
TOP VIEW 



NC 

NC 

NC 

V+ 

OUTPUT 

NC 

NC 


Schematic 



NC No Connection. These pins may be tied to a 
ground plane for added isolation and heat 
dissipation 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pj| e Number 2897 

Copyright © Harris Corporation 1991 
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HA-2540 


Absolute Maximum Ratings (Notei) 

Voltage Between V+ and V- Terminals 35V 


Differential Voltage ±6V 

Output Current 33mArms (Continuous), 50mA (Peak) 


Internal Power Dissipation (Note 2) 870mW (Cerdip) 


Operating Temperature Ranges 

HA-2540-2 -55°C < T A < +1 25°C 

HA-2540/2540C-5 0°C < T A < +75QC 

HA-2540/2540C-9 -40OC < Ta < +85°C 

Storage Temperature Range -65°C < T A < +1 50°C 

Junction Temperature +175°C 


Electrical Specifications VSUPPLY = ±15V, Rl = Ikn, Cl < 10 pF, Unless Otherwise specified. 




HA-2540- 

2 



m 

HA-2540C-! 

5,-9 

■ 

PARAMETER 

TEMP 






MAX 

MIN 

TYP 

MAX 

UNITS 

INPUT CHARACTERISTICS 

Offset Voltage 

+2 50C 

- 

8 

10 

- 

8 

15 

- 

8 

15 

mV 


Full 

- 

13 

15 

- 

13 

20 

- 

13 

20 

mV 

Average Offset Voltage Drift 

Full 

- 

20 

- 

- 

20 

- 

- 

20 

- 

pV/QC 

Bias Current 

+25°C 

- 

5 

20 

- 

5 

20 

- 

5 

20 

MA 


Full 

- 

- 

25 

- 

- 

25 

- 

- 

25 

mA 

Offset Current 

+250C 

- 

1 

6 

- 

1 

6 

- 

1 

6 

P A 


Full 

- 

- 

8 

- 

- 

8 

- 

- 

8 

pA 

Input Resistance 

+25°C 

- 

10 

- 

- 

10 

- 

- 

10 

- 

kCl 

Input Capacitance 

+250C 

- 

1 

- 

- 

1 

- 

- 

1 

- 

PF 

Common Mode Range 

Full 

±10 

- 

- 

±10 

- 

- 

±10 

- 

- 

V 

Input Noise Current 

+25°C 

- 

6 

- 

- 

6 

- 

- 

6 

- 

pA/v/Hz 

(f = 1 kHz, RsOURCE = Ofl) 

Input Noise Voltage 
(f = 1 kHz, RsOURCES = ori ) 

+25°C 

- 

6 

- 

- 

6 

- 

- 

6 

- 

nV/v/Hz 

TRANSFER CHARACTERISTICS | 

Large Signal Voltage Gain 

+250C 

1 0K 

15K 


1 0K 

15K 

- 

7K 

1 0K 

- 

V/V 

(Note 3) 

Full 

5K 

- 

1 

5K 

- 

- 

5K 

- 

- 

V/V 

Common-Mode Rejection Ratio 

Full 

60 

72 

/ ■ 

60 

72 

- 

60 

72 

- 

dB 

(Note 4) 




■ 








Minimum Stable Gain 

+25°C 

10 

- 

B 

10 

- 

- 

10 

- 

- 

V/V 

Gain-Bandwidth-Product 

+2 50C 

- 

400 


- 

400 

- 

- 

400 

- 

MHz 

(Notes 5 & 6) 












OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 3, 1 0) 

Full 

±10 

- 

- 

±10 

- 

- 

±10 

- 

- 

V 

Output Current (Note 3) 

+25°C 

±10 

±20 

- 

±10 

±20 

- 

±10 

±20 

- 

mA 

Output Resistance 

+25°C 

- 

30 

- 

- 

30 

- 

- 

30 

- 

n 

Full Power Bandwidth 

+25°C 

5.5 

6 

- 

5.5 

6 

- 

5.5 

6 

- 

MHz 

(Notes 3 & 7) 












TRANSIENT RESPONSE (Note 8) 

Rise Time 

+250C 

- 

14 

- 


14 

- 

- 

14 

- 

ns 

Overshoot 

+250C 

- 

5 

- 


5 

- 

- 

5 

- 

% 

Slew Rate 

+2 50C 

320 

400 

- 

320 

400 

- 

320 

400 

- 

V/ps 

Settling Time: 1 0V Step to 0.1 % 

+25°C 

- 

140 

- 

- 

140 

- 

- 

140 

- 

ns 

POWER REQUIREMENTS 

Supply Current 

Full 

- 

20 

25 

- 

20 

25 

- 

20 

25 

mA 

Power Supply Rejection Ratio 

Full 

60 

70 

“ 

60 

70 

_ 

60 

70 

- 

dB 

(Note 9) 
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HA-2540 
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HA-2540 


Applications 


WIDEBAND SIGNAL SPLITTER 


With one HA-2540 and two low capacitance switching circuit is most useful for full wave rectification, AM detectors 
diodes, signals exceeding 10MHz can be seperated. This or sync generation. 




BOOTSTRAPPING FOR MORE OUTPUT CURRENT AND VOLTAGE SWING 


Cl* IK 


LRl* +V 
4K 


f 4K* 




1 . Used for experimental purposes. Cf « 3pF. 

2. Ci is optional (0.001 nF -*• 0.01 nF ceramic) 

3. R5 is optional and can be utilized to reduce input signal amplitude and/or balance input conditions. R5 = 5000 to 1 kfi. 

Refer to Application Note 541 For Further Applications Information. 


Die Characteristics 

Transistor Count 30 

Die Dimensions 75 x 61 x 19 mils 

(1910jim x 1550jim x 483|am) 

Substrate Potential (Power Up)* V- 

Process High Frequency Bipo!ar-DI 

Passivaton Nitride 


Thermal Constants (°C/W) 0j a 0j c 

HA-2540/2540C Ceramic DIP 104 48 

HA-2540/2540C Plastic DIP 95 46 

HA-2540/2540C SOIC 119 36 

*The substrate may be left floating (Insulating Die Mount) or it may be 
mounted on a conductor at V- potential. V- potential. 
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S Harris HA-254 1 

Wideband, Fast Settling, Unity Gain Stable, 
August 1991 Operational Amplifier 


Features 

• Unity Gain Bandwidth 40MHz 

• High Slew Rate 250V/(as 

• Low Offset Voltage 0.8mV 

• Fast Settling Time (0.1%) 90ns 

• Power Bandwidth 4MHz 

• Output Voltage Swing (Min) ±10V 

® Unity Gain Stability 


° Monolithic Bipolar Dielectric Isolation Construction 

Description 

The HA-2541 is the first unity gain stable monolithic 
operational amplifier to achieve 40MHz unity gain band- 
width. A major addition to the Harris series of high speed, 
wideband op amps, the HA-2541 is designed for video and 
pulse applications requiring stable amplifier response at 
low closed loop gains. 

The uniqueness of the HA-2541 is that its slew rate and 
bandwidth characteristics are specified at unity gain. 
Historically, high slew rate, wide bandwidth and unity gain 
stability have been incompatible features for a monolithic 
operational amplifier. But features such as 250V/|iS slew 
rate and 40MHz unity gain bandwidth clearly show that this 
is not the case for the HA-2541 . These features, along with 


Applications 

• Pulse and Video Amplifiers 

• Wideband Amplifiers 

• High Speed Sample-Hold Circuits 

• Fast, Precise D/A Converters 

• High Speed A/D Input Buffer 


90ns settling time to 0.1%, make this product an excellent 
choice for high speed data acquisition systems. 

Packaged in a metal can (TO-8) or 14 pin ceramic DIP, the 
HA-2541 is pin compatible with the HA-2540 and 
HA-5190 op amps. The HA-2541 -2 is specified over the 
temperature range of -55°C to +1 25°C. The HA-2541 -5 is 
specified over the temperature range of 0°C to +75°C. For 
the military grade product, refer to the HA-2541 military 
data sheet. 

For further application suggestions on the HA-2541 , please 
refer to Applicaton Note 550 (Using the HA-2541), and 
Application Note 556 (Thermal Safe-Operating-Areas For 
High Current Operational Amplifiers). Also see 
‘Applications’ in this data sheet. 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2898 


3-289 


OPERATIONAL 

AMPLIFIERS 




Specifications HA-2541 


Absolute Maximum Ratings (Note i) 

Voltage Between Vz and V- 35 V 

Differential Input Voltage ±6V 

Peak Output Current 50mA 

Continuous Output Current 28mArms 


Operating Temperature Range: 

HA-2541 -2 -55°C < T A < +1 25°C 

HA-2 54 1-5 0°C<Ta<+75°C 

Storage Temperature Range -65°C < T A < +1 50°C 

Maximum Junction Temperature (Note 11) +1 75°C 


Electrical Specifications VsuPPLY - ±15 Volts; Rl = Ikfl, Cl < 10 pF, Unless Otherwise Specified 


PARAMETER 


INPUT CHARACTERISTICS 


Offset Voltage 

Average Offset Voltage Drift 
Bias Current 

Average Bias Current Drift 
Offset Current 

Input Resistance 

Input Capacitance 

Common Mode Range 

Input Noise Voltage (f = 1 kHz, Rg = 0 fl) 

Input Noise Current (f = 1 kHz, Rg = Ofl) 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 3) 

Common-Mode Rejection Ratio (Note 5) 

Minimum Stable Gain 

Unity Gain-Bandwidth (Note 6) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 4) 
Output Current (Note 4) 

Output Resistance 
Full Power Bandwidth (Note 3 & 7) 
Differential Gain (Note 2) 
Differential Phase (Note 2) 
Harmonic Distortion (Note 10) 


TRANSIENT RESPONSE (Note 8) 


Rise Time 
Overshoot 
Slew Rate 

Settling Time: 1 0V Step to 0.1 % 

10V Step to 0.01% 


POWER REQUIREMENTS 


Supply Current 

Power Supply Rejection Ratio (Note 9) 



HA-2541 -5 
0°C to +75°C 



+25°C ±10 

+25°C 


+25°C - 4 

+25°C - 40 

+25°C 200 250 



10k 

16k 

5k 

- 

70 

1 

90 

1 

40 





MAX I UNITS 


pV/0C 

pA 

pA 

nA/0C 

pA 

pA 

kn 

PF 

V 

nV/yTlz 

pA/v/Hz 
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NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, 
beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 

2. Differential Gain and Phase are measured with a 1 Volt differential 
voltage at 5MHz. 

3. V 0 = ±10V 

4. R l = IkQ 

5. V CM = ±10V 

6. V 0 = 90mV. 

7. Full Power Bandwidth guaranteed based on slew rate measurement 
using FPBW = Slew Rate 

2nV PEAK 


8. Refer to Test Circuits section of this data sheet. 

9. V SU pp LY = ±5VDC to ±15VDC 

10. f = 10kHz; A v = 5; V Q = 14Vp-p 

11. This value assumes a no load conditioniMaximum power dissipation 
with load conditions must be designed to maintain the maximum junction 
temperature below +175°C. By using Application Note 556 on Safe 
operating Area equations, along with the packaging thermal resistances 
listed in the Die Characteristics section, proper load conditions can be 
determined. Heat sinking is recommended above +75°C with suggested 
models: 

14 Lead Ceramic DIP: 

Thermalloy #6007 or AAVID #5602B (0 sa = 16°C/W). 

1 2 Lead Metal Can (TO-8): 

Thermalloy #2240A (0 sa = 27°C/W) or #2268B (0 sa = 24°C/W) 


Test Circuits 


TEST CIRCUIT 


■O v OUT 



V s = ±1 5V 
Ay = +1 
Cl < 10pF 


LARGE SIGNAL RESPONSE 
Vertical Scale (Volts: 5V/Div.) 
Horizontal Scale (Time: 50ns/Div.) 


SMALL SIGNAL RESPONSE 
Vertical Scale (V|n = 100mV/Div., VQyj = 50mV/Div.) 
Horizontal Scale (Time: 20ns/Div.) 


VlN 





SllElEiliIE3EaHE 




. , ipr lr „ 
3L]I03l' ! 


|?71F 


V|N 


v OUT 



PROPAGATION DELAY 
Vertical Scale (Volts: lOOmV/Div.) 
Horizontal Scale (Time: 5ns/Div.) 




::: E-3k y-ji. I -.Ji 

J U 

— “ 



V S = ±1 5V, R L = IkD 
T = +25°C 

Propagation delay variance is negligible 
over full temperature range. 
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Test Circuits (Continued) 

SETTLING TIME TEST CIRCUIT 


SETTLING 

POINT 


5k£2 

5kf2 V 

\ 1 AAA, 


. A A A 

2kfi 

I 'VW * * 

A 



Suggested Offset Voltage Adjustment 


r t « 


A\/ — “1 Tested Offset Adjustment Range is I Vqs + 1 mV I minimum referred to output. 

Feedback and Summing Resistors Must Be Matched (0.1%) Typical range is ±i5mVfor Ry = 5ktt 
HP5082-2810 Clipping Diodes Recommended 
Tektronix P6201 FET Probe Used At Settling Point. 


Typical Performance Curves 

INPUT RESISTANCE vs. FREQUENCY 


T A = +25°C - 
Vs = i 15V 




OFFSET VOLTAGE DRIFT WITH TEMPERATURE 
Of 6 Representative Units 



1M 10M 

FREQUENCY (Hz) 


I 20 30 60 

TEMPERATURE (<>C) 


NOISE DENSITY vs. FREQUENCY 
T a = +25°C 



IBQBBBSSIIII 


BIAS CURRENT DRIFT WITH TEMPERATURE 
Of 6 Representative Units 



-40 -20 0 20 40 60 

TEMPERATURE PC) 
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Typical Performance Curves (Continued) 

OUTPUT VOLTAGE SWING vs. SUPPLY VOLTAGE 

At Various Temperatures 


OUTPUT CURRENT vs. SUPPLY VOLTAGE 

At Various Temperatures 



-55°C ^f 

- 6 -VOUT +25^T/| 

-8 -VOUT +125°C^| 

10 1 1 " V 0UT 


m 








— 



— 

— 














I I +125°C 
+25°C +IQUT 



| | +25°C -I 0U t' 

-55°C -lQUT\| I 


SUPPLY VOLTAGE (+/-V) 


SUPPLY VOLTAGEI+/-V) 


SUPPLY CURRENT vs. SUPPLY VOLTAGE 

At Various Temperatures 


30 1 — — r 
28 

26 

24 +25° C- 


* 18h+1250Crf- 







p 



— 

„ 


w 

.... 


.... 



.... 


J 


















h 









J 




1 





... 






























7 9 11 

SUPPLY VOLTAGE (+/-V) 


SLEW RATE vs. SUPPLY VOLTAGE 

Normalized With V s = ±15V at +250C 



7 9 11 

+/- SUPPLY VOLTAGE 
-55°C +25°C 


PSRR vs. SUPPLY VOLTAGE 
Average of 3 Lots At Various Temperatures 


CMRR vs. SUPPLY VOLTAGE 

Average of 3 Lots At Various Temperatures 






SUPPLY VOLTAGE (+/-V) 


SUPPLY VOLTAGE (+/-V) 
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Typical Performance Curves (Continued) 

REJECTION RATIOS vs. FREQUENCY 



100 IK 10K 100K 1M ION! 

FREQUENCY (Hz) 


+/- OPEN LOOP GAIN vs. SUPPLY VOLTAGE 
Average of 3 Lots Over Temperature 



10 12 
SUPPLY VOLTAGE (+/-V) 


GAIN AND PHASE FREQUENCY RESPONSE 
V s = ±1 5V, R L = 1 k, Cl < 1 0pF, T A = +25°C 


SMALL SIGNAL BANDWIDTH vs. SOURCE RESISTANCE 
V S = ±15V, R L = IkO 
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Applications (Also See Application Note 550) 



APPLICATION 1. DRIVING POWER TRANSISTORS TO GAIN ADDITIONAL CURRENT BOOSTING 


APPLICATION 1 

High power amplifiers and buffers are in use in a wide 
variety of applications. Many times the “high power” 
capability is needed to drive large capacitive loads as well 
as low value resistive loads. In both cases the final driver 
stage is usually a power transistor of some type, but 
because of their inherently low gain, several stages of 
pre-drivers are often required. The HA-2541, with its 10mA 
output rating, is powerful enough to drive a power transistor 
without additional stages of current amplification. This 

APPLICATION 2 


capability is well demonstrated with the high power buffer 
circuit in Application 1. 


The HA-2541 acts as the pre-driver to the output power 
transistor. Together, they form a unity gain buffer with the 
ability to drive three 50 ohm coaxial cables in parallel, each 
with a capacitance of 2000pF. The total combined load is 
16.6 ohms and 6000pF capacitance. 


One of the primary uses of the HA-2541 is in the area of 
video applications. These applications include signal 
construction, synchronization addition and removal, as well 
as signal modification. A wide bandwidth device such as the 
HA-2541 is well suited for use in this class of amplifier. 
This, however, is a more involved group of applications than 
ordinary amplifier applications since video signals contain 
precise DC levels which must be retained. 

The addition of a clamping circuit restores D.C. levels at the 
output of an amplifier stage. The circuit shown in Ap- 
plication 2 utilizes the HA-5320 sample and hold amplifier 
as the D.C. clamp. Also shown is a 3.57MHz trap in series, 
which will block the color burst portion of the video signal 
and allow the D.C. level to be amplified and restored. 



APPLICATION 2. VIDEO D.C. RESTORER 


Die Characteristics 

Transistor Count 41 

Die Dimensions 89 x79 x 19 mils 

(2250pm x 1990pm x 485pm) 

Substrate Potential (Power Up)* V- 

Process High Frequency Bipolar 

Dielectric Isolation 

Passivation Silox 

Thermal Constants (°C/W) 0j a 0j C 

Ceramic DIP 91 35 

Metal Can 66 30 

*The substrate may be left floating (Insulating Die Mount) or it may be 
mounted on a conductor at V- potential. 
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HA-2542 


August 1991 


Wideband, High Slew Rate, High Output 
Current Operational Amplifier 


Features 

• Stable at Gains of 2 or Greater 


Applications 

• Pulse and Video Amplifiers 


» Gain Bandwidth 70MHz • Wideband Amplifiers 


• High Slew Rate (Min.) 300V/jiS 

• High Output Current (Min.) 1 00mA 


• Coaxial Cable Drivers 

• Fast Sample-Hold Circuits 


• Power Bandwidth (Typ.) 5.5MHz • High Frequency Signal Conditioning Circuits 

° Output Voltage Swing (Min.) ±10V 

• Monolithic Bipolar Dielectric Isolation Construction 

Description 

The HA-2542 is a wideband, high slew rate, monolithic frequency signal conditioning circuits and pulse video 

operational amplifier featuring an outstanding combination amplifiers. Other applications utilizing the HA-2542 

of speed, bandwidth, and output drive capability. advantages include wideband amplifiers and fast sample- 

hold circuits. 

Utilizing the advantages of the Harris D. I. technology this 

amplifier offers 350V/ps slew rate, 70MHz gain bandwidth, The HA-2542 is available in ceramic or plastic 1 4 lead DIP 

and ±100mA output current. Application of this device is packages, or a 12 lead metal can (TO-8) which is pin 

further enhanced through stable operation down to closed compatible with the HA-2541, HA-5190, LH0032 and 

loop gains of 2. HOS-050C. The HA-2542-2 is specified over the -550C to 

+125°C temperature range and is also offered as a military 
For additional flexibility, offset null and frequency pa rt. The HA-2542-5 is specified over the commercial 
compensation controls are included in the HA-2542 pinout, temperature range of OOC to +750C. 

The capabilities of the HA-2542 are ideally suited for high For more information on the HA-2542, please refer to 
speed coaxial cable driver circuits where low gain and high Application Note 552 (Using The HA-2542), or Application 
output drive requirements are necessary. With 5.5MHz full Note 556 (Thermal Safe-Operating-Areas For High Current 
power bandwidth, this amplifier is most suitable for high Op Amps). 


Pinouts 

HA1-2542 (CERAMIC DIP), HA3-2542 (PLASTIC DIP) 
TOP VIEW 



HA2-2542 (TO-8 METAL CAN) 
TOP VIEW 
v+ 

OWv. OUTPUT 
C °MP / (gj^Y g)\ v ' 

BAL 1(3) ©) NC 

BA NC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications HA-2542 


Absolute Maximum Ratings (Note i) 


Voltage between V+ and V- Terminals 35V 

Differential Input Voltage ±6V 

Output Current 125mA (Peak) 


107mA rms (Continuous) 


Operating Temperature Range 

HA-2542-2 -55°C < Ta < +1 25°C 

HA-2542-5 0°C <Ta< +750C 

Storage Temperature Range -65°C < Ta < +1 50°C 

Maximum Junction Temperature (Note 11) +1 75°C 


Electrical Specifications VSUPPLY = ±15 Volts; Rl = IkH, Cl < 10pF, Unless Otherwise Specified. 


PARAMETER 

TEMP 

HA-2542-2 
-55°C to +1 25°C 

HA-2542-5 

0°C to +75°C 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

INPUT CHARACTERISTICS 

Offset Voltage 

+25°C 

- 

5 

10 

- 


10 

mV 


Full 

- 

8 

20 

- 


20 

mV 

Average Offset Voltage Drift 

Full 

- 

14 

“ 

- 

14 


nW°c 

Bias Current 

BT 

- 

15 

35 

- 

15 

35 

M A 



- 

26 

50 

- 

26 

50 

MA 

Average Bias Current Drift 

Full 

- 

66 

- 

- 

45 

- 

nA/OQ 

Offset Current 

-f25°C 

- 

1 

7 

- 

1 

7 

MA 


Full 

- 

- 

9 

- 

- 

9 

mA 

Input Resistance 

+25°C 

- 

100 

- 

- 

100 

- 

kn 

Input Capacitance 

+25°C 

- 

1 

- 

- 

1 

- 

PF 

Common Mode Range 

Full 

±10 

- 

- 

±10 

- 

- 

V 

Input Noise Voltage (0.1 Hz to 1 00Hz) 

+25°C 

- 

2.2 

- 

- 

2.2 

- 

tiVp-p 

Input Noise Voltage Density (fo = 1 kHz, R g = 0O) 

+25°C 

- 

10 

- 

- 

10 

- 

nV/v/Hz 

Input Noise Current Density (fo = 1 kHz, Rg = OO) 

+25°C 

- 

3 

- 

- 

3 

- 

PA/y/Hz 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) 

+25°C 

10k 

30k 

- 

10k 

30k 

- 

V/V 


Full 

5k 

15k 

- 

5k 

20k 

- 

wv 

Common-Mode Rejection Ratio (Note 4) 

Full 

70 

100 

- 

70 

100 

- 

dB 

Minimum Stable Gain 

+25°C 

2 

- 

- 

2 

- 

- 

V/V 

Gain-Bandwidth-Product (Note 5) 

+25°C 

- 

70 

- 

- 

70 

- 

MHz 

| OUTPUT CHARACTERISTICS | 

Output Voltage Swing (Note 3) 

Full 

±10 

±11 

■ 

±10 

±11 


V 

Output Current (Note 6) 

+25°C 

100 

- 

I E X 

100 



mA 

Output Resistance 

+25°C 


5 


- 

5 

V. ■ 

a 

Full Power Bandwidth (Note 3 & 7) 

+25°C 

4.7 

5.5 


K j 

5.5 

■ ■ 

MHz 

Differential Gain (Note 2) 

+25°C 

_ 

0.1 

■ 

■ 

0.1 

jl ■ 

% 

Differential Phase (Note 2) 

+25°C 

_ 

0.2 

■ 

■ 

0.2 

n , 

Degrees 

Harmonic Distortion (Note 1 0) 

+25°C 

- 

<0.04 

| | :: 


<0.04 


% 

TRANSIENT RESPONSE (Note 8) 

Rise Time 


- 

4 

■ ■ 

- 

4 

- 

ns 

Overshoot 


- 

25 

■ 

- 

25 

- 

% 

Slew Rate 

+25°C 

300 

350 


300 

350 

- 

V/ms 

Settling Time: 1 0V Step to 0.1 % 

+25°C 

- 

100 

■ 

- 

100 

- 

ns 

10V Step to 0.01% 

+25°C 

- 

200 



200 

- 

ns 

POWER REQUIREMENTS 

Supply Current 

+25°C 


30 

- 

- 

30 

- 

mA 


Full 


31 

34.5 

- 

31 

40 

mA 

Power Supply Rejection Ratio (Note 9) 

Full 


79 

- 

70 

79 

- 

dB 
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v s = ±15V, R L = Ikft 
T = +25°C 

Propagation delay variance is negligible 
over full temperature range. 


1. Absolute maximum ratings are limiting values, applied individually, 
beyond which the serviceability of the circuit may be impaired. Functional 
operability under any of these conditions is not necessarily implied. 

2. Differential gain and phase are measured at 5MHz with a 1 Volt 
differential input voltage. 

3. R L = 1 kn, V 0 = ±1 OV 

4. V CM = ±10V 

5. AyQL =100 

6. R l = 50H, V 0 = ±5V 

7. Full Power Bandwidth guaranteed based on slew rate measurement using 
FPBW = Slew Rate 

2nV PEAK 


8. Refer to Test Circuits section of this data sheet. 

9. V SU pp LY = ±5VDC to ±15VDC 

10. V| N = 1V RMS ; f = 10kHz; A v = 10. 

1 1 . This value assumes a no load condition: Maximum power dissipation 
with load conditions must be designed to maintain the maximum junction 
temperature below +175°C. By using Application Note 556 on Safe 
Operating Area equations, along with the packaging thermal resistances 
listed in the Die Characteristics section, proper load conditions can be 
determined. Heat sinking is recommended above +75°C with suggested 
models: 

14 Lead Ceramic DIP: 

Thermalloy #6007 or AAVID #5602B (0 sa = 16°C/W). 

12 Lead Metal Can (TO-8): 

Thermalloy #2240A (0 sa = 27°C/W) or #2268B (6 sa = 24°C/W) 


Test Circuits 


TEST CIRCUIT 


-O OUT 

soon 


LARGE SIGNAL RESPONSE 

Vertical Scale (Volts: V iN = 2.0V/Div„ Vqut = 5.0V/Div.) 
Horizontal Scale (Time: 200ns/Div.) 


SMALL SIGNAL RESPONSE 

Vertical Scale (Volts: 1 0OmV/Div.) 
Horizontal Scale (Time: 50ns/Div.) 


TIME DELAY 

Vertical Scale (Volts: 100mV/D:v.) 
Horizontal Scale (Time: lOns/Civ.) 
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Test Circuits (Continued) 

SETTLING TIME TEST CIRCUIT 


SUGGESTED OFFSET VOLTAGE ADJUSTMENT 


2.5kn 

_A A A k 

5k*l 

A A A 

V v v * V V V 

ik a 

A A A 

soon 

AAA 

— V V V 

S^v+ 

-*vw • 



SETTLING 

POINT 


a 




(5VWI 


A V = -2 

Feedback and summing resistors must be matched (0.1%) 

HP5082-2810 clipping diodes recommended 

Tektronix P6201 FET probe used at settling point Suggested compensation scheme 5-20pF 

1 For 0.01% settliing time, heat sinking is suggested to reduce thermal Tested Offset Adjustment Range is I Vqs +1mV I minimum referred to output, 

effects and an analog ground plane with supply decoupling is suggested Typical range is ±20mV with Ry = 5kD. 

to minimize ground loop errors. 


Typical Performance Curves 


INPUT NOISE VOLTAGE AND INPUT NOISE CURRENT 
vs. FREQUENCY 



10 100 IK 10K 100K 

FREQUENCY (Hi) 


OFFSET VOLTAGE DRIFT WITH TEMPERATURE 

Of Six Representative Units, Vs = ±12 V 



20 40 60 

TEMPERATURE (<>0 


INPUT RESISTANCE vs. FREQUENCY 


BIAS CURRENT DRIFT WITH TEMPERATURE 

Of Six Representative Units, V$ = ±12V 


t a = +25°c - 
V S = ±15V 




10M 10QM 


29 - 



t * 







v s 


Ll - 


X 




17 - 


V 

13 - 



11 - 



9 ► 



7 - 


— 



-60 -40 -20 


FREQUENCY (Hz) 


20 40 60 

TEMPERATURE (°C) 
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Typical Performance Curves (Continued) 

BIAS CURRENT vs. POWER SUPPLY 

Six Units At Various Supplies At +25°C 



PSRR AND CMRR vs. TEMPERATURE 

V S = ±1 5V 



SUPPLY VOLTAGE (+/-V s) 


TEMPERATURE (oc) 


SUPPLY CURRENT vs. SUPPLY VOLTAGE 
At Various Temperatures 


PSRR AND CMRR vs. FREQUENCY 


8 10 12 14 

SUPPLY VOLTAGE (+/-V) 



100 IK 10K 1C0K 1M 

FREQUENCY (Hz) 


SLEW RATE vs. TEMPERATURE 

At Various Supply Voltages With Ri_oad = '•OOfl 


OPEN LOOP GAIN vs. TEMPERATURE 

At Various Supply Voltages 




TEMPERATURE oc 


-60 -40 -20 0 20 40 bQ 

TEMPERATURE (OC) 
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Die Characteristics 

Transistor Count 43 

Die Dimensions 72 x 105 x 19 mils 

(1820|am x 2670jjm x 485jjm) 

Substrate Potential* V- 

Process High Frequency Bipolar-DI 

Passivation Nitride 


Thermal Constants (°C/W) 

Gja 

0jc 

HA1-2542 Ceramic DIP 

86.6 

32.5 

HA3-2542 Plastic DIP 

78.8 

30.6 

HA2-2542 Metal Can 

58 

29 


*The substrate may be left floating (Insulating Die Mount) or it may be 
mounted on a conductor at V- potential. 


Typical Applications 

(Refer to Application Note 552 for Further Information) 

The Harris HA-2542 is a state of the art monolithic device 
which also approaches the “ALL-IN-ONE” amplifier 
concept. This device features an outstanding set of AC 
parameters augmented by excellent output drive capability 
providing for suitable application in both high speed and 
high output drive circuits. 

Primarily intended to be used in balanced 50f2 and 75S1 
coaxial cable systems as a driver, the HA-2542 could also 
be used as a power booster in audio systems as well as a 
power amp in power supply circuits. This device would also 
be suitable as a small DC motor driver. 

The applications shown on the following page demonstrate 
the HA-2542 at gains of +1 00 and +2 and as a video cable 
driver for small signals. 

Prototyping Guidelines 

For best overall performance in any application, it is 
recommended that high frequency layout techniques be 
used. This should include: 1) mounting the device through a 
ground plane: 2) connecting unused pins (N.C.) to the 
ground plane: 3) mounting feedback components on Teflon 
standoffs and or locating these components as close to the 
device as possible; 4) placing power supply decoupling 
capacitors from device supply pins to ground. 

As a result of speed and bandwidth optimization, the 
HA-2542 can’s case potential, when powered-up, is equal 
to the V- potential. Therefore, contact with other circuitry or 
ground should be avoided. 


Frequency Compensation 

The HA-2542 may be externally compensated with a single 
capacitor to ground. This provides the user the additional 
flexibility in tailoring the frequency response of the amplifier. 
A guideline to the response is demonstrated on the typical 
performance curve showing the normalized A.C. parame- 
ters versus compensation capacitance. It is suggested that 
the user check and tailor the accurate compensation value 
for each application. As shown additional phase margin is 
achieved at the loss of slew rate and bandwidth. 

For example, for a voltage gain of +2 (or -1) and a load of 
500pF/2kn, 20pF is needed for compensation to give a 
small signal bandwidth of 30MHz with 40° of phase margin. 
If a full power output voltage of ±10V is needed, this same 
configuration will provide a bandwidth of 5MHz and a slew 
rate of 200V/|us. 

If maximum bandwidth is desired and no compensation 
is needed, care must be given to minimize parasitic 
capacitance at the compensation pin. In some cases where 
minimum gain applications are desired, bending up or 
totally removing this pin may be the solution. In this case, 
care must also be given to minimize load capacitance. 

For wideband positive unity gain applications, the HA-2542 
can also be over-compensated with capacitance greater 
than 30pF to achieve bandwidths of around 25MHz. This 
over-compensation will also improve capacitive load 
handling or lower the noise bandwidth. This versatility along 
with the ± 100mA output current makes the HA-2542 an 
excellent high speed driver for many power applications. 
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Typical Applications 

NONINVERTING CIRCUIT (AvCL = 100) 



FREQUENCY (OdB) = 44.9MHz 
PHASE MARGIN (OdB) = 40° 
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A V CL = 100 PHASE AND GAIN 


NONINVERTING CIRCUIT (A V CL = 2) 

INO-fiX. _ 



FREQUENCY (3dB) = 56MHz 
PHASE (3dB) = 40° 


fe £ 1 llluyii ' 

l [gain r ill il m 
innn« — inmSisiifrHnrl^iil m 

u ■ l klmtlb - , .. liJi lilllil!fe.UfeJlJ4lp i i\ 
r iswastt* i' • k ?Ar 


JllQwE 


JWuliQOBlIi iiilWteai’ 45 o 

iLsiii rriii rmiik’ 0 
ii.i tm s bin! 11 
mi (.'is If LiJfiiiri ■ : 
!f «i ? iw f Mill - 180 


AvCL = 2 PHASE AND GAIN 


VIDEO CABLE DRIVER (A V CL = 2) 









VIDEO CABLE DRIVER PULSE RESPONSE 

(1V/Div.; lOOns/Div.) 
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HA-2544 


&) HARRIS 


August 1990 


Video Operational Amplifier 


Features 

• Gain Bandwidth 50MHz 

• High Slew Rate 1 50V/jus 

• Low Supply Current 10mA 

• Differential Gain Error 0.03% 

• Differential Phase Error 0.03 degree 

•Gain Flatness at 10MHz 0.12dB 


Description 

The HA-2544 is a fast, unity gain stable, monolithic op amp 
designed to meet the needs required for accurate 
reproduction of video or high speed signals. It offers 
high voltage gain (6kV/V) and high phase margin 
(65 degrees) while maintaining tight gain flatness over the 
video bandwidth. Built from high quality Dielectric Isolation, 
the HA-2544 is another addition to the Harris series of 
high speed, wideband Op-Amps, and offers true video 
performance combined with the versatility of an op-amp. 

The primary features of the HA-2544 include 50MHz Gain 
Bandwidth, 150V/(iis slew rate, 0.03% differential gain 
error and gain flatness of just 0.1 2dB at 10MHz. High 
performance and low power requirements are met with a 
supply current of only 10mA. 


Applications 

• Video Systems 

• Video Test Equipment 

• Radar Displays 

• Imaging Systems 

• Pulse Amplifiers 

• Signal Conditioning Circuits 

• Data Acquisition Systems 

Uses of the HA-2544 range from video test equipment, 
guidance systems, radar displays and other precise 
imaging systems where stringent gain and phase require- 
ments have previously been met with costly hybrids and 
discrete circuitry. The HA-2544 will also be used in non- 
video systems requiring high speed signal conditioning 
such as data acquisition systems, medical electronics, 
specialized instrumentation and communication systems. 

The HA-2544-2 is guaranteed over the military temperature 
range (-55°C to +1250C); the HA-2544/2544C-5 over the 
commercial range (0°C to +750Q and the HA-2544/ 
2544C-9 over the industrial range (-4CPC to +850C). The 
HA-2544 is available in TO-99 Metal Can, SOIC, and both 
Plastic and Ceramic Mini-DIP packages. Military (/883) 
product and data sheets are available upon request. 


Pinouts 

HA9P2544/2544C (SOIC) 
HA7-2544 (CERAMIC MINI-DIP) 
HA3-2544/2544C (PLASTIC MINI-DIP) 
TOP VIEW 



HA2-2544 (TO-99 METAL CAN) 
TOP VIEW 
NC 



Schematic 



CAUTION: These devices are sensitive to electrostatic discharge. Proper l.C. handling procedures should be followed. pjj e |\| um b er 2900 

Copyright © Harris Corporation 1991 


3-304 







Specifications HA-2544 


Absolute Maximum Ratings (Note 1) Operating Temperature Range 

Voltage Between V+ and V- Terminals 35 V HA-2544/2544C-5 0°C < < +75°C 

Differential Input Voltage (Note 11) ±6V HA-2544-9 -40OC < Ta < +850C 

Output Current (Peak) ±40m A HA-2544-2 -55°C < Ta < +1 25QC 

Internal Power Dissipation 700mW Storage Temperature Range -65°C<T/\<+150°C 

Maximum Junction Temperature +1 75°C 

Electrical Specifications V$ = ±15V, C|_ < 10pF, R[_ = 1kf2, Unless Otherwise Specified 


PARAMETER 

TEMP 

HA-2544-2/-5 

HA-2544C- 

-5 

UNITS 

MIN 

TYP 

MAX 

MIN 


MAX 

INPUT CHARACTERISTICS 

Offset Voltage 

+25°C 

- 

6 

15 

- 

15 

25 

mV 


-2,-5 

- 

" 

20 

- 

- 

40 

mV 


-9 

- 

- 

25 

- 

- 

40 

mV 

Average Offset Voltage Drift (Note 9) 

Full 

- 

10 

- 

- 

10 

- 

nW°c 

Bias Current 

+25°C 

- 

7 

15 

- 

9 

18 

jjA 


Full 

- 

- 

20 

- 

- 

30 

ma 

Average Bias Current Drift (Note 9) 

Full 

- 

0.04 

- 

- 

0.04 

- 

pA/°C 

Offset Current 

+25°C 

- 

0.2 

2 

- 

0.8 

2 

pA 


Full 

- 

- 

3 

- 

- 

3 

pA 

Offset Current Drift 

Full 

- 

10 

- 

- 

10 

- 

nA/0C 

Common Mode Range 

Full 

±10 

±11.5 

- 

±10 

±11.5 

- 

V 

Differential Input Resistance 

+25°C 

50 

90 

- 

50 

90 

- 

kn 

Differential Input Capacitance 

+25°C 

1 : }; 

3 

- 

- 

3 

- 

PF 

Input Noise Voltage (f = 1 kHz) 

+25°C 

I 

20 

- 

- 

20 

- 

nV/v/Hz 

Input Noise Current (f = 1 kHz) 

+25°C 

■■ 

2.4 

- 

- 

2.4 

- 

pA/x/Pk 

Input Noise Voltage 









0.1 Hz to 10Hz (Note 9) 

+25°C 


1.5 

- 

- 

1.5 

- 

pV p-p 

0.1 Hz to 1MHz 

+25°C 


4.6 

- 

- 

4.6 

- 

jiV r.m.s. 

| TRANSFER CHARACTERISTICS | 

Large Signal Voltage Gain (Notes 4, 9) 

+25°C 

3.5 

6 

- 

3 

6 

- 

kV/V 


Full 

2.5 

- 

- 

2 

- 

- 

kV/V 

Common Mode Rejection Ratio (Notes 6, 9) 

-2,-5 

75 

89 

- 

70 

89 

- 

dB 


-9 

75 

89 

- 

65 

89 

- 

dB 

Minimum Stable Gain 

+25°C 

+1 

- 

- 

+1 

- 

- 

VA/ 

Unity Gain Bandwidth (Notes 3, 9) 

+25°C 

- 

45 

- 

- 

45 

- 

MHz 

Gain Bandwidth Product (Notes 3, 9) 

+25°C 

- 

50 

- 

- 

50 

- 

MHz 

Phase Margin 

+25°C 

- 

65 

- 

- 

65 

- 

Degrees 
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Specifications HA-2544 


Electrical Specifications (Continued) 


PARAMETER 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 

Full 

Full Power Bandwidth (Note 7) 

+25°C 

Peak Output Current (Note 9) 

+25°C 

Continuous Output Current (Note 9) 

+25°C 

Output Resistance (Open Loop) 

+25°C 


HA-2544-2/-5 


TYP MAX 


±10 ±11 

3.2 

±25 ±35 

±10 


HA-2544C-5 | 

TYP I MAX I UNITS 


TRANSIENT RESPONSE 


Rise Time (Note 3) 
Overshoot (Note 3) 
Slew Rate 

Settling Time (Note 5) 


VIDEO PARAMETERS R L =1kn (Note 10) 


Differential Phase (Note 1 2) 

Differential Gain (Notes 2, 12) 

Gain Flatness 
5MHz 
10MHz 

Chrominance to Luminance Gain (Note 1 3) 
Chrominance to Luminance Delay (Note 1 3) 
POWER SUPPLY CHARACTERISTICS 


Supply Current 

Power Supply Rejection Ratio (Notes 8, 9) 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually 
beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not 
necessarily implied. 




±10 

±11 

3.2 

4.2 

±25 

±35 

±10 

- 

- 

20 


- 

10 

12 

70 

80 

- 

65 

80 

- 








10 

15 

mA 

80 

- 

dB 

80 

- 

dB 


Ap(dB) 

2. A D (%) = [ 10 20 - 1 ] x 100 


3. v OUT = ±100mV. For Rise Time and Overshoot testing, Vout is 
measured from 0 to +200mV and 0 to -200mV. 

4. Vqlit =±5V 

5. Settling Time is specified to 0.1% of final value for a 10V step and 
Ay - -1 

6. AVqm = ±10V 

7. Full Power Bandwidth is guaranteed by equation: 

n „ ...... Slew Rate ... . . C . A 


8. AV S = ±10 to ±20V 

9. Refer to typical performance curve in Data Sheet. 

10. The video parameter specifications will degrade as the output load 
resistance decreases. 

11. To achieve optimum AC performance, the input stage was designed 
without protective diode clamps. Exceeding the maximum differential in- 
put voltage results in reverse breakdown of the base-emitter junction of 
the input transistors and probable degradation of the input 
parameters especially Vqs> >os and Noise. 

12. Tested with a VM700A video tester, using a NTC-7 Composite input sig- 
nal. For adequate test repeatability, a minimum warm-up of 2 minutes is 
suggested. Ay = +1. 

13. C-L Gain and C-L Delay was less than the resolution of the test 
equipment used which is 0.1 dB and 7ns, respectively. 


Full Power Bandwidth = 


- (Vpeak used = 5V) 
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HA-2544 


Test Circuits 


TRANSIENT RESPONSE 


\ — 


s 




r 

'll' 

Tc,$ «i 


\7 \7 


V S = ±15V 
Ay = +1 

Rg = 50 or 75fl (Optional) 

R L = IkO 
C L < 1 OpF 

V|n for Large Signal = ±5V 

V|fvj for Small Signal = 0 to +200mV 

and 0 to -200mV 


LARGE SIGNAL RESPONSE 
VquT = 0 to +10V 

Vertical Scale: (V| N = 5V/Div.; Vqut = 2V/Div.) 
Horizontal Scale: (lOOns/Div.) 


"■ Ctr I’.- UfL' v ,:Jv >'• I;...,,.- 

5 — ~~4 i 

- ■— jy y^ :■■■■■■ V v-, y - - ' yyyy ' ■■■ •' ■■■4 \ : ■ '■ ■ ■ y '■ >■■■ . ■■ < :i : : 

m frvrF:*ttfjssv& .pMf ' v< 

Ju l .jt-J l,: t , , 

jltJ t iLlLii IkJim 43 ^ 


SMALL SIGNAL RESPONSE 
Vqut = 0 to +200mV 

Vertical Scale: (V|jg = 100mV/Div.; Vqut = 100mV/Div.) 
Horizontal Scale: (lOOns/Div.) 


: i 

-■f-f 


ps»y| 

- 





SETTLING TIME TEST CIRCUIT 


OFFSET VOLTAGE ADJUSTMENT 


SETTLING 

POINT 




A v = -1 

Feedback and Summing Resistors Must Be Matched (0.1%) 
HP5082-2810 Clipping Diodes Recommended. 

Tektronix P6201 FET Probe Used At Settling Point. 


Tested Offset Adjustment Range Is I Vqs +1mV I Minimum Referred 
To Output. Typical Range For R-j- = 20kO Is Approximately ±30mV 
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HA-2544 


Typical Performance Curves 


INPUT NOISE VOLTAGE AND 
NOISE CURRENT vs. FREQUENCY 


■E MIIIII IMHIIHI 
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INPUT OFFSET VOLTAGE vs.TEMPERATURE 
3 Typical Units 



20 40 60 80 100 120 140 

TEMPERATURE (°C) 


NOISE VOLTAGE 

(A V = 1000) 

0.1Hz to 10Hz, Noise Voltage = 0.97(iVp-p 


INPUT BIAS CURRENT vs. TEMPERATURE 
V S = ±15V, R[_ = Ikfl 
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20 40 60 8 

TEMPERATURE (°C) 


PSRR and CMRR vs. TEMPERATURE 
V s = ±1 5V, R L = IkO 



20 40 60 i 

TEMPERATURE (°C) 


.1 1..I T . I . ] 

100 120 140 


OPEN LOOP GAIN vs. TEMPERATURE 
V S = ±1 5V, R L = IkO 



\S\ 
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-60 -40 -20 


20 40 60 8 

TEMPERATURE (°C) 
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HA- 2 5 44 


Typical Video Performance Curves (Continued) 


±2 VOLT OUTPUT SWING 
With R|_OAD = 75fl (Frequency = 5.00MHz) 



- 250.000ns 0.00000s 250.000ns 


V|n = 2.0V/Div., VquT = 2.0V/Div. 
Timebase = 50ns/Div. 


BANDWIDTH vs. LOAD CAPACITANCE 
A V = +1 , Vg = ±1 5V, R[_ = Ikfi 



Applications And Product Guidelines 

The HA-2544 is a true differential op amp that is as versatile 
as any op amp but offers the advantages of high unity gain 
bandwidth, high speed and low supply current. More 
important than its’ general purpose applications is that the 
HA-2544 was especially designed to meet the re- 
quirements found in a video amplifier system. These 
requirements include fine picture resolution and accurate 
color rendition, and must meet broadcast quality standards. 

In a video signal, the video information is carried in the 
amplitude and phase as well as in the D.C. level. The 
amplifier must pass the 30Hz line rate luminance level and 
the 3.58MHz (NTSC) or 4.43MHz (PAL) color band without 
altering phase or gain. The HA-2544’s key specifications 
aimed at meeting this include high bandwidth (50MHz), very 
low gain flatness (0.1 2dB at 10MHz), near unmeasur- 
able differential gain and differential phase (0.03% and 
0.03 degrees), and low noise (20nV/v/Hz). The HA-2544 
meets these quidelines and are sample tested for /883 
grade product at 5 and/or 10MHz. If a customer wishes to 
100% test these specifications, arrangement can be made. 

The HA-2544 also offers the advantage of a full output volt- 
age swing of ±1 OV into a 1 K ohm load. This equates to a full 
power bandwidth of 2.4MHz.for this ±10V signal. If video 
signal levels of ±2V maximum is used (with Rj_ = IK ohm), 
the full power bandwidth would be 11.9MHz without 
clipping distortion. Another usage might be required for a 
direct 50 ohm or 75 ohm load where the HA-2544 will still 
swing this ±2V signal as shown in the above display. One 
important note that must be realized is that as load 
resistance decreases the video parameters are also 
degraded. For optimal video performance a Ikfl load is 
recommended. 

If lower supply voltage are required, such as ±5V; many of 
the characterization curves indicate where the parameters 
vary. As shown the bandwidth, slew rate and supply current 
are still very well maintained. 

Prototyping and PC Board Layout 

When designing with the HA-2544 video op amp as with 
any high performance device, care should be taken to use 


high frequency layout techniques to avoid unwanted 
parasitic effects. Short lead lengths, low source impedance 
and lower value feedback resistors help reduce unwanted 
poles or zeros. This layout would also include ground plane 
construction and power supply decoupling as close to the 
supply pins with suggested parallel capacitors of 0.1 /jF 
and 0.001 jjF ceramic to ground. 

In the noninverting configuration, the amplifier is sensitive to 
stray capacitance (<40pF) to ground at the inverting input. 
Therefore, the inverting node connections should be kept to 
a minimum. Phase shift will also be introduced as load 
parasitic capacitance is increased. A small series resistor 
(20 ohm to 100 ohm) before the capacitance effectively 
decouples this effect. 

Stability/Phase Margin/Compensation 

The HA-2544 has not sacrificed unity gain stability in 
achieving its superb AC performance. For this device, the 
phase margin exceeds 60 degrees at the unity crossing 
point of the open loop frequency response. Large phase 
margin is critical in order to reduce the differential phase 
and differential gain errors caused by most other op amps. 
Because this part is unity gain stable, no compensation pin 
is brought out. If compensation is desired to reduce the 
noise bandwidth, most standard methods may be used. 
One method suggested for an inverting scheme would be a 
series R-C from the inverting node to ground which will 
reduce bandwidth, but not effect slew rate. If the user 
wishes to achieve even higher bandwidth (>50MHz), and 
can tolerate some slight gain peaking and lower phase 
margin, experimenting with various load capacitance can 
be done. 

Shown in Application 1 is an excellent Differential Input, 
Unity Gain Buffer which also will terminate a cable to 75 
ohm and reject common-mode voltages. Application 2. is a 
method of separating a video signal up into the Sync, only 
signal and the Video and Blanking signal. Application 3 
shows the HA-2544 being used as a 100kHz High Pass 
2-Pole Butterworth Filter. Also shown is the measured 
frequency response curves. 
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HA-2544 


Typical Application 


APPLICATION 1 

75fl Differential Input Buffer 


SHIELDED 

CABLE 



APPLICATION 2 

Composite Video Sync. Separator 


COMPOSITE 

VIDEO 


SYNC ONLY 



VIDEO AND BLANK 


APPLICATION 3 

100kHz High Pass 2-Pole Butterworth Filter 


Measured Frequency Response of Application 3 


750pF 750pF 



27T(2.1K-750pF) 


llllllll IIIIIIIKlSilll 
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■■min 


■■linn 


IK 10K 100K 

FREQUENCY (Hz) 


Die Characteristics 

Transistor Count 

Die Dimensions 


Die Dimensions 80 x 65 x 1 9 mils 

(2030 x 1630 x 485pm) 

Substrate Potential* V- 

Process High Frequency Bipolar D.l. 

Passivation Nitride 

Thermal Constants (°C/W) 0j a 0j c 

Metal Can TO-99, HA2-2544 1 86 50 

Plastic Mini-DIP, HA3-2544/2544C 80 20 

Ceramic Mini-DIP, HA7-2544 185 98 

SOIC, HA9P2544 160 42 

*The substrate may be left floating (Insulating Die Mount) or it may be 
mounted on a conductor at V- potential. 
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HA-2548 

Precision, High Slew Rate, 
Wideband Operational Amplifier 


Features 

• High Slew Rate 1 20V/jiS 

• Low Offset Voltage 300 jjV 

• High Open Loop Gain 1 30dB 

• Gain Bandwidth Product 150MHz 

• Low Voltage Noise @ 1kHz S.SnV/i/Hz 

• Minimum Gain Stability >5 

Applications 


• High Speed Instrumentation 

• Data Acquisition Systems 

• Analog Signal Conditioning 

• Precision, Wideband Amplifiers 

• Pulse/RF Amplifiers 


Description 

The HA-2548 is a monolithic op amp that offers a unique 
combination of bandwidth, slew rate, and precision specifi- 
cations. These features can eliminate the need for compos- 
ite op amp designs and external calibration circuitry. 

Optimized for gains >5, the HA-2548 has a gain-band- 
width product of 1 50MHz and a slew rate of 1 20V/fiS while 
maintaining extremely high open loop gain (130dB typ) and 
low offset voltage (300^V typ). These specifications are 
achieved through uniquely designed input circuitry and a 
single ultra-high gain stage that minimizes the AC signal 
path. Capable of delivering over 30mA of output current, the 
HA-2548 is ideal for precision, high speed applications 
such as signal conditioning, instrumentation, video/pulse 
amplifiers and buffers. 

The HA-2548 is offered with a -5 temperature grade guar- 
anteed between 0°C and +75°C and a -9 temperature 
grade guaranteed between -40°C and +85°C. Both grades 
are available in either a Ceramic Sidebrazed DIP or a TO-99 
Metal Can. The HA-2548 is also available in SOIC pack- 
aging with -5 temperature range. For information on the 
military version of this device please refer to the 
HA-2548/883 datasheet. 


Pinouts 

HA7-2548 

(CERAMIC SIDEBRAZED DIP) 
HA9P2548 (SOIC) 

TOP VIEW 



HA2-2548 

(TO-99 METAL CAN) 
TOP VIEW 


COMP 




CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2901 


3-313 


OPERATIONAL 

AMPLIFIERS 





Specifications HA-2548 


Absolute Maximum Ratings (Note i) Operating Temperature Range: 

Voltage Between V+ and V- Terminals 40V HA-2548-5 0°C < Ta < +75°C 

Differential Input Voltage 5 V HA-2548-9 -40°C < Ta < +85<>C 

Output Current 40mA Storage Temperature Range -65°C < Ta < +1 50°C 

Maximum Junction Temperature +175°C 


Electrical Specifications V+ = +15V, V- = -15V, R|_ = IK, Cl = 10pF. (Unless Otherwise specified) 


PARAMETER 


INPUT CHARACTERISTICS 


Input Offset Voltage 

Average Offset Voltage Drift (Note 1 2) 

Input Bias Current 

Input Offset Current 

Common Mode Range 
Differential Input Resistance 
Input Noise Voltage f Q = 0.1 Hz to 10Hz 

f 0 = 0.1 Hz to 1MHz 

Input Noise Voltage Density f Q =1 0Hz 
(Note 2) f 0 =1 00Hz 

f 0 =1 000Hz 

Input Noise Current Density f 0 =1 0Hz 
(Note 2) f o =100Hz 

f o =1000Hz 


TRANSFER CHARACTERISTICS 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 
Output Current (Note 6) 

Output Resistance 

Full Power Bandwidth (Note 7,1 2) 


TRANSIENT RESPONSE 


Slew Rate (Note 8,1 2) 

Positive 


Negative 

Rise Time (Note 9,1 2) 


Fall Time (Notes 9,1 2) 


Overshoot (Note 9,1 2) 

Positive 


Negative 

Settling Time (Note 1 0,1 2) 



POWER SUPPLY 


PSRR (Note 11) 

•cc 


HA-2548-5, -9 


Large Signal Voltage Gain (Note 3) 

+25°C 

Full 

m 

130 

125 

Common Mode Rejection Ratio (Note 4) 

Full 

80 

90 

Gain Bandwidth Product (Note 5,1 2) 

+25°C 

130 

150 


Full 

110 

125 

Minimum Stable Gain 

Full 

5 

- 



HA-2548A-5 



I 



120 


105 

- , 

110 

- 

105 

- 

16.5 

20 

19 

23 

16 

20 

18 

23 

15 

25 

25 

35 

8 

15 

20 

30 

200 

260 




MAX I UNITS 


120 

130 

118 

125 

80 

90 

130 

150 

110 

125 

5 



±11 

±12 

±30 

±33 

- 

5 

- 

1.91 




120 

- 

V/ps 

105 

- 

V/ps 

110 

- 

V/ps 

105 

- 

V/ps 

16.5 

20 

ns 

19 

23 

ns 

16 

20 

ns 

18 

23 

ns 

15 

25 

% 

25 

35 

% 

8 

15 

% 

20 

30 

% 

200 

260 

ns 
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HA-2548 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, 
beyond which the servicability of the circuit may be impaired. 
Functional operation under any of these conditions is not nessarily 
implied. 

2. Refer to typical performance curve in data sheet. 

3. Vqut — ±10V. 

4. V CM = ±2V - 

5. Characterized in an A y = -100 configuration from 100kHz to 10MHz. 

6. Rl = ikn, v 0 ut > iov. 


7. Full Power Bandwidth is calculated by: 

FPBW = Slaw Rala ,V peak = 10V 

2n v peak 

8. Vqut ” iSV, A y = +5. 

9. Vqut = ±100mV, A y — +5. 

10 Settling time is specified to 0.01% with a 10V step and Ay = -5. 

11. Delta V s = ±10V to ±20V. 

1 2. These parameters are not tested. The limits are guaranteed based on lab 
characterization and reflect lot to lot variation. 


Test Circuits and Waveforms 

LARGE AND SMALL SIGNAL RESPONSE CIRCUIT 


< 

1 

> 8oo n 

< 

< 

J 

> 

> 200 n 

l 


OUT 

A v = + 5 


LARGE SIGNAL RESPONSE 
Vnnj = ±5V, A V = +5, R L = IK, C L < 10pF 


SMALL SIGNAL RESPONSE 
Vqut = ±1 00mV, Ay = +5, R L = 1 K, C L < 1 0pF 


Si 

11 

n 


S3 

jl® 
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u 
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-V 
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HA-2548 


Typical Performance Curves v$ = ±isv, Ta = +25°c 

V| 0 vs TEMPERATURE 

(3 Representative Units) OFFSET CURRENT/BIAS CURRENT vs TEMPERATURE 


Basalts 

bbbzwh 




TEMPERATURE (°C) 

TEMPERATURE (°C) 

V| 0 WARM-UP DRIFT (NORMALIZED FROM ZERO) 

(4 Representative Units) 

PSRR/CMRR vs TEMPERATURE 

Vcc = ±1 5V, V CM = ±2V, Vs = ±10V to ±20V 


2.0 3.0 4.0 5.0 6.0 

TIME (MIN) 


HHlI 
iiiisiiiiH 
BBBBBB^BBBh 


+ 75 

TEMPERATURE (°C) 


l C C vs TEMPERATURE 


AvOL vs TEMPERATURE 
V C C = ±15V, R|_ = 1 Kfi 
Ci_ = <10pF, VoUT = ±10V 
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AvolWB) § V OUT (V) 


HA-2548 


Typical Performance Curves (Continued) v§ = ±isv, Ta = +25°c 


V 0 UT vs temperature 

V C C = ±15V, R L = 1kn, Cl = < lOpF 


V| 0 VS ±Vqc V3 temperature 



10 11 13 14 15 16 17 18 


9 10 11 12 13 14 15 16 17 


SUPPLY CURRENT vs ±SUPPLY VOLTAGE 


a VOL/ v OUT vs r L 

V| N = ±3V For loon, V iN = ±5V For 2000 
Vim = ±1 0 V For 600n to 1 0kfl 


iiiiiiiBiiiiiiiQ 
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V/JJ.S OVERSHOOT (%) SLEW RATE V/ jj. S 


HA-2548 


Typical Performance Curves (Continued) v$ = ±isv, Ta = + 250 C 


SLEW RATE vs TEMPERATURE 
Vcc = ±15V » Rl = Ikfi, Cl = < lOpF 
Ay = ±5, VquT = ±5V(1 OVp-p) 


RISE TIME vs TEMPERATURE 
V C C = ±15V f R L = 1kn, C L = <1 OpF 
Ay =+5, VquT = ±100mV(200mVp-p) 



- 55 - 25 0 +25 +75 

TEMPERATURE (°C) 



22 

21 


20 

UT 

19 

LU 

18 

2 

P 

17 

LU 

16 

CD 

15 

CC 


14 


13 


12, 



0+25 +75 

TEMPERATURE (°C) 


% OVERSHOOT vs TEMPERATURE 
Ay = +5, Vquj = ±100mV(200mVp-p) 
Rl = Ikfi, Cl <1 OpF 


GAIN BANDWIDTH PRODUCT vs 
COMPENSATION CAPACITANCE 



0+25 +75 

TEMPERATURE (°C) 



150 

IT 


I 

100 

5 


£ 

co 

50 

(D 

0 



10 20 30 40 

CAPACITANCE (pF) 


SLEW RATE vs COMPENSATION CAPACITANCE 


GAIN AND PHASE vs FREQUENCY 
R L =1kn, CL<10pF 



10 15 20 25 30 35 40 45 

CAPACITANCE (pF) 


1 

II 








i 




III 
III 

Will 
is;: hi 



IH 

ifi 

mil 

IIIIIM 


10 100 IK 10K 100K 1M 10M 100M 

FREQUENCY (Hz) 
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PHASE (DEGREES) 





HA-2548 


Typical Performance Curves (Continued) Vs 

INPUT NOISE VOLTAGE DENSITY 


: ±15V, Ta = +25°C 




FREQUENCY (Hz) 


FREQUENCY (Hz) 


PEAK TO PEAK NOISE 0.1 HZ TO 10HZ 

p-p(RTI) = 691 .4nV, rms(RTI) = 1 1 6.5nV, Ay = 25000 




PEAK TO PEAK NOISE 0.1 HZ TO 1MHZ 

p-p(RTI) = 4.004pV, rms(RTI) = 664.5nV, Ay = 25000 


REJECTION RATIOS vs FREQUENCY 
Ay = ±10, V|n = 300mVrms 



10 100 IK 10 K 100 K 1M 10M 


FREQUENCY (Hz) 
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Features 

• Wide Bandwidth 12MHz 

• High Input Impedance 500Mfi 

• Low Input Bias Current InA 

• Low Input Offset Current InA 

• Low Input Offset Voltage 0.5mV 

• High Gain 150kV/V 

• High Slew Rate 7 V/jjs 

• Output Short Circuit Protection 

• Unity Gain Stable 

Description 

HA-2600/2602/2605 are internally compensated bipolar 
operational amplifiers that feature very high input imped- 
ance (500Mn, HA-2600) coupled with wideband AC 
performance. The high resistance of the input stage is com- 
plemented by low offset voltage (0.5mV, HA-2600) and low 
bias and offset current (1 nA, HA-2600) to facilitate accurate 
signal processing. Input offset can be reduced further by 
means of an external nulling potentiometer. 12MHz unity 
gain-bandwidth, 7V/jis slew rate and 150kV/V open-loop 
gain enables HA-2600/2602/2605 to perform high-gain 
amplification of fast, wideband signals. These dynamic 
characteristics, coupled with fast settling times, make these 
amplifiers ideally suited to pulse amplification designs as 
well as high frequency (e.g. video) applications. The 
frequency response of the amplifier can be tailored to exact 
design requirements by means of an external bandwidth 
control capacitor. 


Pinouts 

HA9P2605 (SOIC) 

HA7-2600/02/05 (CERAMIC MINI-DIP) 
HA3-2605 (PLASTIC MINI-DIP) 
TOP VIEW 


Applications 

• Video Amplifier 

• Pulse Amplifier 

• Audio Amplifiers and Filters 

• High-Q Active Filters 

• High-Speed Comparators 

• Low Distortion Oscillators 


In addition to its application in pulse and video amplifier 
designs, HA-2600/2602/2605 are particularly suited to 
other high performance designs such as high-gain low 
distortion audio amplifiers, high-Q and wideband active 
filters and high-speed comparators. For more information, 
please refer to Application Note 515. 

The HA-2600 and HA-2602 have guaranteed operation 
from -55°C to +125°C and are available in Metal Can and 
Ceramic Mini-DIP packages. Both are offered as /883 
Military Grade; product and data sheets are available upon 
request. The HA-2605 has guaranteed operation from 0°C 
to +75°C and is available in Plastic and Ceramic Mini-DIP 
and Metal Can packages. SOIC packaging is also available 
for the HA-2605 with guaranteed operation from 0°C to 
+70°C (-5) and -40°C to +85°C (-9). 



HA2-2600/02/05 (TO-99 METAL CAN) 
TOP VIEW 
COMP 




NOTE: VCASE = V- 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications HA-2600/02/05 


Absolute Maximum Ratings (Note 13) 

Voltage Between V+ and V- Terminals 45.0V 

Differential Input Voltage ±1 2.0V 

Peak Output Current Full Short Circuit Protection 

Internal Power Dissipation 300mW 

Maximum Junction Temperature +1 75°C 


Operating Temperature Ranges 


H A-2600/H A-2602-2 -550C < Ta < +1 25°C 

HA-2605-5 0°C < Ta < +75°C 

HA-2605-9 -40°C_< T A < +85°C 

Storage Temperature Range -65°C < Ta < +1 50°C 

Lead Solder Temperature (1 0 Seconds) +275°C 


Electrical Specifications V$ = ±15V D.C., Unless Otherwise Specified. 




HA-2600 

-2 

HA-2602 

-2 

HA-2605 

-5 

(NOTE 1 5) 
HA-2605-9 


PARAMETER 

TEMP 


EEt 



Eg 


IflBI 

EH. 


MAX 

UNITS 

INPUT CHARACTERISTICS 













Offset Voltage 

+25°C 

- 

0.5 

4 

- 

3 

5 

B 

3 

5 

5 

mV 


Full 

- 

2 

6 

- 

- 

7 

B; 

- 

7 

7 

mV 

Average Offset Voltage Drift 

Full 

- 

5 

- 

- 

5 

- 

B 

5 

- 

- 

pV/°C 

Bias Current 

+25°C 

- 

1 

10 

- 

15 

25 

B 

5 

25 

25 

nA 


Full 

- 

10 

30 

- 

- 

60 

n 

- 

40 

70 

nA 

Offset Current 

+25°C 

- 

1 

10 

- 

5 

25 

- 

5 

25 

25 

nA 


Full 

- 

5 

30 

- 

- 

60 

- 

- 

40 

70 

nA 

Differential Input Resistance 
(Note 10) 

+2 50C 

100 

500 

- 

40 

300 

- 

40 

300 

- 

“ 

m a 

Input Noise Voltage Density 
f 0 = 1 kHz 

+25°C 

- 

11 

~ 

- 

11 

- 

- 

11 

- 

- 

nV/\/Hz 

Input Noise Current Density 
f 0 = 1kHz 

+25°C 

- 

0.16 

- 

- 

0.16 


- 

0.16 

- 

- 

pA/^/Hz 

Common Mode Range 

Full 

±11 

±12 

- 

±11 

±12 

- 

±11 

±12 

- 

- 

V 

TRANSFER CHARACTERISTICS 













Large Signal Voltage Gain 

+25°C 

* 

0 

0 

1 50K 

- 

80 K 

150K 

Bj 

80K 

150K 

- 

- 

V/V 

(Notes 1 , 4) 

Full 

70K 

- 

- 

60K 

- 


70K 

- 

- 

- 

V/V 

Common Mode Rejection Ratio 
(Note 2) 

Full 

80 

100 

- 

74 

100 

H 

74 

100 


“ 

dB 

Minimum Stable Gain 

+25°C 

1 

- 

- 

1 

- 

■ 

1 

- 

- 

- 

V/V 

Gain Bandwidth Product (Note 3) 

+25°C 

- 

12 

- 

- 

12 


- 

12 

- 

- 

MHz 

OUTPUT CHARACTERISTICS 













Output Voltage Swing (Note 1 ) 

Full 

±10 

±12 

- 

±10 

±12 

- 

±10 


- 

- 

V 

Output Current (Note 4) 

+250C 

±15 

±22 

- 

±10 

±18 

- 

±10 

ESI 

- 

- 

mA 

Full Power Bandwidth (Notes 4, 1 1) 

+250C 

50 

75 

- 

50 

75 

- 

50 

75 

- 

- 

kHz 

TRANSIENT RESPONSE (Note 8) 













Rise Time (Notes 1 , 5, 6 & 7) 

+25°C 

- 

30 

O 

- 

30 

60 

- 

30 

m 


ns 

Overshoot (Notesl , 5, 6 & 7) 

+25°C 

- 

25 

El 

- 

25 

40 

- 

25 

m 


% 

Slew Rate (Notes 1 , 5, 7 & 1 2) 

+250C 

±4 

±7 

■ 

±4 

±7 

- 

±4 

±7 

B 


V/ps 

Settling Time (Notes 1 , 5 & 1 4) 

+2 50C 

- 

1.5 

■ 

- 

1.5 

- 

- 

1.5 

H 


ps 

POWER SUPPLY CHARACTERISTICS 













Supply Current 


B 


13 

B 


a 

- 

3 

D 

4 

mA 

Power Supply Rejection Ratio (Note 9) 

■ 

m 


B 

□ 


a 

74 

90 

■ 

“ 

dB 


NOTES: 


1. r l = 2kn 

2. V CM = ±10V 

3. Vqut < 90mV 

4. Vqut = — t ov 

5. C L - lOOpF 

6. VqUT = ±200mV 

7. A v = +1 

8. Sea Transient Response Test Circuits & Waveforms. 

9. AV S = ±5V 


10. This parameter value guaranteed by design calculations. 

11. Full Power Bandwidth guaranteed by slew rate measurement: 

FPBW = S.R./2nV PEAK . 

12. Vqut = ±5V 

13. Absolute Maximum Ratings are limiting values applied individually 
beyond which the serviceability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 

14. Settling time is characterized at Ay = -1 to 0.1% of a 10 Volt step. 

15. Typical and minimum specifications for -9 are identical to those of -5. 
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PEAK VOLTAGE SWING (+VOLTS) OPEN LOOP VOLTAGE GAIN(dB) 


HA-2600/02/05 


Typical Performance Curves v$ = ±15V d.i 

INPUT BIAS CURRENT AND OFFSET CURRENT 
AS A FUNCTION OF TEMPERATURE 



TEMPERATURE (°C) 


Ta = +25°C, Unless Otherwise Specified. 


BROADBAND NOISE CHARACTERISTICS 



100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 
UPPER 3dB FREQUENCY 
LOWER 3dB FREQUENCY (10Hz) 


OPEN LOOP FREQUENCY AND PHASE RESPONSE 


INPUT IMPEDANCE vs. TEMPERATURE, 100Hz 



-55 -35 -15 +5 +25 +45+65+85+105+125 
TEMPERATURE (°C) 



OPEN-LOOP FREQUENCY RESPONSE FOR 
VARIOUS VALUES OF CAPACITORS FROM 

OUTPUT VOLTAGE SWING vs. FREQUENCY COMPENSATION PIN TO GROUND 



10kHz 100kHz 1MHz 10MHz 100MHz 10Hz 100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 


FREQUENCY (Hz) FREQUENCY (Hz) 

NOTE: External Compensation Components are not required for stability, 
but may be added to reduce bandwidth if desired. If External Com- 
pensation is used, also connect lOOpF capacitor from output to 
ground. 






HA-2600/02/05 


Typical Performance Curves (Continued) 


COMMON MODE VOLTAGE RANGE 
AS A FUNCTION OF SUPPLY VOLTAGE 



5 10 15 20 

SUPPLY VOLTAGE (VOLTS) 


OPEN - LOOP VOLTAGE GAIN vs. TEMPERATURE 



TEMPERATURE (°C) 


COMMON MODE REJECTION RATIO vs. FREQUENCY NOISE DENSITY vs. FREQUENCY 




O 100Hz 1kHz 10kHz 100kHz 1MHz 

° FREQUENCY (Hz) 


Test Circuits 


TRANSIENT RESPONSE SLEW RATE 



SLEW RATE AND 
TRANSIENT RESPONSE 


SUGGESTED Vqs ADJUST- 
MENT AND COMPENSATION 
HOOK-UP 



NOTE: Measured on both positive 
and negative transistions 
from 0 to +200mV and 0 
to -200mV at output. 


Tested Offset Adjustment is 
I Vqs +1 mV I minimum referred to 
output. Typical range is ±10mV 
with R j = 1 0OkO. 
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HA-2600/02/05 


Typical Applications 

PHOTO-CURRENT TO VOLTAGE CONVERTER 


SAMPLE-AND-HOLD 


SILICON PHOTO r = 4Qkft 

DIODE i , --AAAi 

Ip = 50/i A |V 


V 0 = -R(lp± 


ib)/i r 


I MULTIPLEXER I C 



Die Characteristics 



Transistor Count 


140 

Die Dimensions 

73 x 52 x 19 mils 

Substrate Potential 


. . . Unbiased 

Thermal Constants (°C/W) 

0 ja 

Gjc 

HA2-Metal Can (-2, -5, -7) 

202 

55 

HA2-Metal Can (-8,/883) 

161 

48 

HA3-Plastic DIP (-5) 

83 

33 

HA4-Ceramic LCC (/883) 

96 

35 

HA7-Ceramic DIP (-2, -5, -7) 

204 

112 

HA7-Ceramic DIP (-8, /883) 

100 

27 

HA9P-SOIC-(-5, -9) 

i 

160 

42 
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HA-2620/22/25 

Very Wideband, 
Uncompensated Operational Amplifiers 


Features 

• Gain Bandwidth Product (Av > 5) 100MHz 

• High Input Impedance 500MQ 

• Low Input Bias Current InA 

• Low Input Offset Current InA 

• Low Input Offset Voltage 0.5mV 

• High Gain 150kV/V 

<» High Slew Rate 35V/ps 

• Output Short Circuit Protection 

Description 


HA-2620/2622/2625 are bipolar operational amplifiers that 
feature very high input impedance (500MST, HA-2620) 
coupled with wideband AC performance. The high 
resistance of the input stage is complemented by low offset 
voltage (0.5mV, HA-2620) and low bias and offset current 
(InA, HA-2620) to facilitate accurate signal processing. 
Input offset can be reduced further by means of an external 
nulling potentiometer. 100MHz gain-bandwidth product 
(HA-2620/2622/2625 are stable for closed loop gains 
greater than 5), 35V/jjs slew rate and 150kV/V open-loop 
gain enables HA-2620/2622/2625 to perform high-gain 
amplification of very fast, wideband signals. These dynamic 
characteristics, coupled with fast settling times, make these 
amplifiers ideally suited to pulse amplification designs as 
well as high frequency (e.g. video) applications. The 
frequency response of the amplifier can be tailored to exact 


Applications 

• Video and R.F. Amplifier 

• Pulse Amplifier 

° Audio Amplifiers and Filters 

• High-Q Active Filters 

• High-Speed Comparators 

• Low Distortion Oscillators 


design requirements by means of an external bandwidth 
control capacitor. 

In addition to its application in pulse and video amplifier 
designs, HA-2620/2622/2625 is particularly suited to 
other high performance designs such as high-gain low 
distortion audio amplifiers, high-Q and wideband active 
filters and high-speed comparators. For more information, 
please refer to Application Notes 509, 519 and 546. 

The HA-2620 and HA-2622 have guaranteed operation 
from -550C to + 1250C and are available in Metal Can and 
Ceramic Mini-DIP packages. Both are offered as /883 
Military Grade with the HA-2622 also available in LCC 
packages. MIL-STD-883 data sheets are available upon 
request. The HA-2625 has guaranteed operation from 0°C 
to +75°C and is available in Plastic and Ceramic Mini-DIP 
and Metal Can packages. Additionally the HA-2625 is avail- 
able in SOIC packaging with -5 and -9 temperature grades. 


Pinouts 

HA9P2625 (SOIC) 

HA7-2620/22/25 (CERAMIC MINI-DIP) 
HA3-2625 (PLASTIC MINI-DIP) 
TOP VIEW 



HA2-2620/22/25 (TO-99 METAL CAN) 
TOP VIEW 
COMP 



Schematic 


COMPENSATION 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjj e Nliniber 2903 

Copyright © Harris Corporation 1991 
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Specifications HA-2620/22/25 




Absolute Maximum Ratings (Note 13) Operating Temperature Ranges 

Voltage Between V+ and V- Terminals 45.0V HA-2620/HA-2622-2 -550C < Ta < +1 250C 

Differential Input Voltage ±1 2.0V HA-2625-5 0°C < Ta < +75°C 

Peak Output Current Full Short Circuit Protection HA-2625-9 -40°C < Ta < +80°C 

Internal Power Dissipation 300mW Storage Temperature Range: -65°C < Ta < +1 50°C 

Maximum Junction Temperature +175°C Lead Solder Temperature (10 Seconds) 275°C 


Electrical Specifications Vg = ±15V D.C., Unless Otherwise Specified. 


PARAMETER 


INPUT CHARACTERISTICS 


Offset Voltage (Note 1 ) +25°C 

Full 

Average Offset Voltage Drift Full 

Bias Current +25°C 

Full 

Offset Current +25°C 

Full 

Differential Input Resistance (Note 1 1 ) +25°C 
Input Noise Voltage Density f 0 = 1 kHz +25°C 
Input Noise Current Density f 0 = 1 kHz +25°C 
Common Mode Range Full 


TRANSFER CHARACTERISTICS 


HA-2620-2 

TEMP MIN I TYP I MAX 


HA-2625-5, -9 
MIN | TYP I MAX UNITS 


Large Signal Voltage Gain 
(Notes 2 & 3) 

Common Mode Rejection Ratio 
(Note 4) 

Minimum Stable Gain 

Gain Bandwidth Product 
(Notes 2, 5 & 6) 


OUTPUT CHARACTERISTICS 


+25°C 1 00K 

Full I 70K 



40 300 

11 

0.16 

±11 ±12 


80K 1 50K 

60K 



Output Voltage Swing (Note 2) 

Full 

±10 

±12 

- 

±10 

±12 

- 

±10 

±12 

- 

V 

Output Current (Note 3) 

+25°C 

±15 

±22 

- 

±10 

±18 

- 

±10 

±18 

- 

mA 

Full Power Bandwidth 
(Notes 2, 3, 7 & 1 2) 

+25°C 

400 

600 

- 

320 

600 

” 

320 

600 

- 

kHz 


TRANSIENT RESPONSE (Note 8) 


Rise Time (Notes 2, 7 & 8) +25<>C 

Slew Rate (Notes 2, 7, 8 & 10) +25<>C ±25 


POWER SUPPLY CHARACTERISTICS 


Supply Current +250C 

Power Supply Rejection Ratio (Note 9) Full 80 

NOTES: 

1 . Offset may be externally adjusted to zero. 

2. R l = 2kfl 

3. VquT = ± 10.0V 

4. V CM = ±10V 

5. VquT < 90mV 

6. 40dB Gain 

7. See Transient Response Test Circuits & Waveforms. 

8. Ay = 5 (The HA-2620 family is not stable at unity gain without 
external compensation.) 


17 

±20 ±35 


17 

±20 ±35 


9. AV S = ±5V 

10. v OUT = ±5V 

11. This parameter value guaranteed by design calculations. 

12. Full Power Bandwidth guaranteed by slew rate measurement: 

FPBW = S.R./2nV PEAK> 

13. Absolute Maximum Ratings are limiting values applied individually 
beyond which the serviceability of the circuit may be impaired. 
Functional operation under any of these conditions is not necessarily 
implied. 
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OPEN LOOP VOLTAGE GAIN(dB) 


HA-2620/22/25 


Typical Performance Curves Vs = ±15V D.C., Ta = +25°C, Unless Otherwise Specified. 

INPUT BIAS CURRENT AND OFFSET CURRENT 

AS A FUNCTION OF TEMPERATURE BROADBAND NOISE CHARACTERISTICS 



TEMPERATURE (°C) 



UPPER 3dB FREQUENCY 
LOWER 3dB FREQUENCY (10Hz) 


OPEN LOOP FREQUENCY AND PHASE RESPONSE 



FREQUENCY (Hz) 


OUTPUT VOLTAGE SWING vs. FREQUENCY 



10kHz 100kHz 1MHz 10MHz 100MHz 

FREQUENCY (Hz) 


INPUT IMPEDANCE vs. TEMPERATURE,! 00Hz 



TEMPERATURE (°C) 


OPEN LOOP FREQUENCY RESPONSE FOR 
VARIOUS VALUES OF CAPACITORS FROM 
COMPENSATION PIN TO GROUND 



10Hz 100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 
FREQUENCY (Hz) 

NOTE: External Compensation is required for closed loop gain < 5. If 
external compensation is used, also connect lOOpF capacitor from 
output to ground. 
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HA-2620/22/25 


Typical Performance Curves (Continued) 

COMMON MODE VOLTAGE RANGE 
AS A FUNCTION OF SUPPLY VOLTAGE 



5 10 15 20 

SUPPLY VOLTAGE (VOLTS) 


OPEN LOOP VOLTAGE GAIN vs. TEMPERATURE 



TEMPERATURE (°C) 



1 10 100 IK 10K 100K 

FREQUENCY (Hz) 


Test Circuits 


TRANSIENT RESPONSE SLEW RATE 



NOTE: Measured on both positive 
and negative transitions 
from 0 to +200mV and 0 to 
-200mV at output. 


SUGGESTED V 0 S ADJUST- 
SLEW RATE AND MENT AND COMPENSATION 

TRANSIENT RESPONSE HOOK-UP 



Tested Offset Adjustment is 
I Vqs +1 mV I minimum referred to 
output. Typical range is ±10mV 
with R t = lOOkO. 







HA-2620/22/25 


Typical Applications 

HIGH IMPEDANCE COMPARATOR 


FUNCTION GENERATOR 



-O v OUT 
+ 5.0V, OV 



4(Ri+R 2 )C OUTPUT 


VIDEO AMPLIFIER 


HA - 2600 

+ ^ 


BW= 1MHz 
GAIN = 40dB 


— O VoUT 

50 pF* 


k A small load capacitance of at least 30pF (including stray capacitance) is 
recommended to prevent possible high frequency oscillations. 


Die Characteristics 

Transistor Count 

Die Dimensions 

Substrate Potential 


140 

, 73 x 52 x 19 mils 
Unbiased 


lermal Constants (°C/W) 

0 ja 

Gjc 

HA2-Metal Can (-2, -5, -7) 

202 

55 

HA2-Metal Can (-8,/883) 

161 

48 

HA3-Plastic DIP (-5) 

83 

33 

HA4-Ceramic LCC (/883) 

96 

35 

HA7-Ceramic DIP (-2, -5, -7) 

204 

112 

HA7-Ceramic DIP (-8, /883) 

81 

32 
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© Harris HA - 2640/45 

High Voltage 

August 1991 Operational Amplifiers 


Features 

• Output Voltage Swing ±35V 

• Supply Voltage ±1 OV to ±40V 

• Offset Current 5nA 

• Bandwidth 4MHz 

• Slew Rate 5 V/jjs 

• Common Mode Input Voltage Swing ±35V 

• Output Overload Protection 


Description 

HA-2640 and HA-2645 are monolithic operational ampli- 
fiers which are designed to deliver unprecedented dynamic 
specifications for a high voltage internally compensated 
device. These dielectrically isolated devices offer very low 
values for offset voltage and offset current coupled with 
large output voltage swing and common mode input 
voltage. 

For maximum reliability, these amplifiers offer unconditional 
output overload protection through current limiting and a 
chip temperature sensing circuit. This sensing device turns 
the amplifier “off”, when the chip reaches a certain 
temperature level. 

These amplifiers deliver ±35V common mode input voltage 
swing, ±35V output voltage swing, and up to ±40V 


Applications 

• Industrial Control Systems 

• Power Supplies 

• High Voltage Regulators 

• Resolver Excitation 

• Signal Conditioning 


supply range for use in such designs as regulators, power 
supplies, and industrial control systems. 4MHz gain 
bandwidth and 5 V/jjs slew rate make these devices 
excellent components for high performance signal 
conditioning applications. Outstanding input and output 
voltage swings coupled with a low 5nA offset current make 
these amplifiers excellent components for resolver 
excitation designs. 

The HA-2640/2645 are available in Metal Can (TO-99) or 
Ceramic Mini-DIP and can be used as high performance 
pin-for-pin replacements for many general performance 
amplifiers. HA-2640 is specified from -550C to +125°C 
and HA-2645 is specified over the 0°C to +75°C range. 


Pinouts 

HA7-2640/2645 (CERAMIC MINI-DIP) 
TOP VIEW 


Hj 

■ 

1 

5 ■ 

■ 

si 

Ih 

1 

Si 

HB 


T] v+ 

T] OUT 
~5~] BAL 


HA2-2640/2645 (TO-99 METAL CAN) 
TOP VIEW 

COMP 



(TO-99 Case Voltage = -V) 


Schematic 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjjg dumber 2904 
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Specifications HA-2640/2645 


Absolute Maximum Ratings (Note 12) 

Voltage Between V+ and V- Terminals 1 00 V 

Input Voltage Range ±10Vto±37V 

Output Current Full Short Circuit Protection 

Internal Power Dissipation 680mW * 

Maximum Junction Temperature +1 75°C 

* Derate by 4.6mW/°C above +25°C 


Operating Temperature Ranges 

HA-2640-2 -550C < T A < +1 25°C 

HA-2645-5 0°C < T A < +750C 

Storage Temperature Range -65°C < T A < +1 50°C 


Electrical Specifications VsuPPLY = ±40V, Rl = 5kf2, Unless Otherwise Specified. 


PARAMETER 


INPUT CHARACTERISTICS 


Offset Voltage 

Average Offset Voltage Drift 
Bias Current 

Offset Current 

Input Resistance (Note 1 0) 
Common Mode Range 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Notes 8) 

Common Mode Rejection Ratio (Note 1 ) 

Minimum Stable Gain 

Unity Gain Bandwidth (Note 2) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 
Output Current (Note 9) 

Output Resistance 

Full Power Bandwidth (Notes 3 & 1 1 ) 


TRANSIENT RESPONSE (Note 7) 


Rise Time (Notes 4 & 6) 
Overshoot (Notes 4 & 6) 
Slew Rate (Note 6) 


POWER SUPPLY CHARACTERISTICS 



Supply Current 

+25°C 

- 

3.2 

3.8 

- 

3.2 

4.5 

mA 

Supply Voltage Range 

Full 

±10 

- 

±40 

±10 

- 

±40 

V 

Power Supply Rejection Ratio (Note 5) 

Full 

80 

90 

- 

74 

90 

“ 

dB 


NOTES: 

1. V CM = ±20V 

2. Vqut - 90mV 

3. VquT = ±35V 

4. VquT = ±200mV 

5. Vg = ±10V to ±40V 

6. Ay - +1 

7. Cl = 50pF, R L = 5kfi 

8. Vqut = ±30V 


9. r l = ikn 

10. This parameter based upon design calculations. 

11. Full Power Bandwidth guaranteed based upon slew rate measurement: 

FPBW = S.R./2nVp EAK ; V PEAJ < = 35V. 

12. Absolute Maximum Ratings are limiting values applied individually 

beyond which the serviceability of the circuit may be impaired. Functional op- 
eration under any of these conditions is not necessarily implied. 
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HA-2640/2645 


Typical Performance Curves v+ = v- = 40V d.c., Ta = + 250 C, Unless otherwise Specified. 

INPUT BIAS AND OFFSET CURRENT vs. TEMPERATURE INPUT NOISE CHARACTERISTICS 



- 50 - 25 0 + 25 + 50 + 75 +100 + 125 

TEMPERATURE (°C) 


NORMALIZED AC PARAMETERS vs. TEMPERATURE 


OPEN LOOP FREQUENCY AND PHASE RESPONSE 



- 50 -25 0 k- 25 +50 +75 +100 +125 

TEMPERATURE (°C) 



NORMALIZED AC PARAMETERS vs. 
SUPPLY VOLTAGE AT +25°C 



10 20 30 40 


SUPPLY VOLTAGE (VOLTS) 


OPEN LOOP FREQUENCY RESPONSE FOR 
VARIOUS VALUES OF CAPACITORS FROM 
COMPENSATION PIN TO GROUND 



FREQUENCY (Hz) 


NOTE: External Compensation Components are not required for stability, 
but may be added to reduce bandwidth if desired. If External Com- 
pensation is used, also connect lOOpF capacitor from output to 
ground. 
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SUPPLY CURRENT (mA) 


HA-2640/2645 


Typical Performance Curves (Continued) 

OUTPUT VOLTAGE SWING vs. FREQUENCY AT +25°C 



FREQUENCY (Hz) 


SUPPLY CURRENT vs. SUPPLY VOLTAGE 



SUPPLY VOLTAGE {+ V) 



OUTPUT VOLTAGE SWING vs. SUPPLY VOLTAGE 



SUPPLY VOLTAGE (+ V) 
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HA-2640/2645 


Switching Waveform and Test Circuits 

VOLTAGE FOLLOWER 
PULSE RESPONSE 

R L = 5K, Cl = 50pF T A = +25<>C 
Vertical = lOV/Div. V s = ±40V 
Horizontal = 5ps/Div. 



SLEW RATE AND TRANSIENT 
RESPONSE TEST CIRCUIT 



SUGGESTED Vqs ADJUSTMENT 



V- 


Tested Offset Adjustment Range is I Vqs +1mV| minimum 
referred to output. Typical range is ±20mV with Ry = lOkfi. 




PRELIMINARY 

May 1991 


HA-2839 

Very High Slew Rate Wideband 
Operational Amplifier 


Features 


Applications 

• Low Supply Current 

13mA 

• Pulse and Video Amplifiers 

• Very High Slew Rate w » 

625V/JJS 

• Wideband Amplifiers 

• Open Loop Gain 

25kV/V 

• High Speed Sample-Hold Circuits 

• Wide Gain-Bandwidth (Ay> 10) .... 

600MHz 

• RF Oscillators 

• Full Power Bandwidth 

10MHz 


• Low Offset Voltage 

0.6mV 


• Differential Gain/Phase 

. . .0.03%/0.03° 


• Enhanced Replacement for EL2039 



Description 



The HA-2839 is a wideband, very high slew rate, operation- 
al amplifier featuring superior speed and bandwidth 
characteristics. Bipolar construction, coupled with dielectric 
isolation, delivers outstanding performance in circuits with a 
closed loop gain of 10 or greater. 

A 625V/jjs slew rate and a 600MHz gain bandwidth product 
ensure high performance in video and RF amplifier designs. 
Differential gain and phase are a low 0.03% and 0.03 
degrees respectively, making the HA-2839 ideal for video 

applications. A full ±10V output swing, high open loop gain, 
and outstanding A.C. parameters, make the HA-2839 an 
excellent choice for high speed Data Acquisition Systems. 

The HA-2839 is available in commercial and industrial 
temperature ranges, and a choice of packages. See the 
“Ordering Information” section below for more information. 

For military grade product, refer to the HA-2839/883 data 
sheet. 



Ordering Information 


PART NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA1 -2839-5 

0°C to +75°C 

14 Pin Ceramic DIP 

HA3-2839-5 

0°C to +75°C 

14 Pin Plastic DIP 

HA1 -2839-9 

-40°C to +85°C 

1 4 Pin Ceramic DIP 

HA3-2839-9 

-40°C to -f 85°C 

1 4 Pin Plastic DIP 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 
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Specifications HA-2839 


Absolute Maximum Ratings (Note i) 

Voltage Between V+ and V- Terminals 35 V 

Differential Input Voltage ±6V 

Peak Output Current 50mA 

Continuous Output Current 33mArms 

Internal Quiescent Power Dissipation (Note 2) 525mW 

Maximum Junction Temperature (Note 2) +1 75°C 

Maximum Junction Temperature (Plastic Packages) +1 50°C 

(Note 2) 


Operating Temperature Range 

HA-2839-5 0°C < Ta < +75°C 

HA-2839-9 -40°C < Ta < +85<>C 

Storage Temperature Range -65°C < Ta < +1 50°C 


Electrical Specifications VsuPPLY = ±15V, Rl = Ikn, C L < 10 pF, Unless Otherwise Specified. 




HA-2839-5, -9 


PARAMETER 

TEMP 

MIN 

TYP 

MAX 

UNITS 

INPUT CHARACTERISTICS 

Offset Voltage 

+25°C 

- 

0.6 

2 



Full 

- 

2 

6 


Average Offset Voltage Drift 

Full 

- 

20 

- 


Bias Current 

+25°C 

- 

5 

14.5 

l»A 


Full 

- 

8 

20 

ma 

Offset Current 

+25°C 

- 

1 

4 

mA 


Full 

- 

- 

8 

jiA 

Input Resistance 

+25°C 

- 

10 

- 

kn 

Input Capacitance 

+25°C 

- 

1 

- 

pF 

Common Mode Range 

Full 

±10 

- 

- 

V 

Input Noise Voltage 
(f = 1 kHz, RSOURCE = 0O) 

+25°C 

- 

6 

- 

nV/vTk 

Input Noise Current 

(f = 1 kHz, RSOURCE =10kfl) 

+25°C 

~ 

6 


pA/y'Hl 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) 

+25°C 

20K 

25K 

- 

V/V 


Full 

15K 

20K 

- 

V/V 

Common-Mode Rejection Ratio (Note 4) 

Full 

75 

80 

- 

dB 

Minimum Stable Gain 

+25°C 

10 

- 

- 

V/V 

Gain Bandwidth Product (Notes 5 & 1 2) 

+25°C 

- 

600 

- 

MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 3) 

Full 

±10 

- 

- 

V 

Output Current (Note 3) 

Full 

±10 

±20 

- 

mA 

Output Resistance 

+25°C 

- 

30 

- 

CL 

Full Power Bandwidth (Notes 3 & 7) 

+25°C 


10 

- 

MHz 

Differential Gain (Notes 6 & 1 1 ) 

+25°C 

■ 

0.03 

- 

% 

Differential Phase (Notes 6 & 1 1 ) 

+25°C 


0.03 

- 

Degrees 

TRANSIENT RESPONSE (Note 8) 

Rise Time 

+25°C 

- 

4 

■ 

ns 

Overshoot 

+25°C 

- 

20 



Slew Rate (Notes 3 & 10) 

+25°C 

550 

625 



Settling Time: 1 0 V Step to 0.1 % 

+25°C 

- 

180 



POWER REQUIREMENTS 

Supply Current 

Full 

- 

13 

15 

mA 

Power Supply Rejection Ratio (Note 9) 

Full 

75 

90 

- 

dB 




































HA-2839 


NOTES: 

1 . Absolute maximum ratings are limiting values, applied individually, be- 
yond which the serviceability of the circuit may be impaired. Functional 
operability under any of these conditions is not necessarily implied. 

2. This value assumes a no load condition: Maximum power dissipation 
with load conditions must be designed to maintain the maximum junction 
temperature below +175°C for ceramic packages and below +150°C 
for plastic packages. 

3. R L = IkO, V Q = ±10V, 0 to ±10V for slew rate. 

4. V CM = ±10V. 

5. V G = 90mV. 

6. A V = +10. 


7. Full Power Bandwidth guaranteed based on slew rate measurement 

using FPBW = Slew Rate 

: V PEAK = iov 

2nV PEAK 

8. Refer to Test Circuit section of data sheet. 

9. VsuPPLY = ±10VDC to ±20VDC. 

10. This parameter is not tested. The limits are guaranteed based on lab 
characterization, and reflect lot-to-lot variation. 

11. Differential gain and phase are measured with a VM700A video tester, 
using a NTC-7 composite VITS. 

12. A V = +100. 


Test Circuits 


TEST CIRCUIT 



SETTLING TIME TEST CIRCUIT 


V+ 



• AV = -1 0 

• Load Capacitance should be less than lOpF. 

• It is recommended that resistors be carbon composition and that feed- 
back and summing network ratios be matched to 0.1 %. 

• SETTLING POINT (Summing Node) capacitance should be less than 
lOpF. For optimum settling time results, it is recommended that the test 
circuit be constructed directly onto the device pins. A Tektronix 568 Sam- 
pling Oscilloscope with S-3A sampling heads is recommended as a settle 
point monitor. 
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© Harris HA-2840 

PRELIMINARY Very High Slew Rate Wideband 

May 1991 Operational Amplifier 


Features 

• Low Supply Current 13mA 

• Very High Slew Rate 625V/jjs 

• Open Loop Gain 25k V/V 

• Wide Gain-Bandwidth (Av> 10) 600MHz 

• Full Power Bandwidth 10MHz 

• Low Offset Voltage 0.6mV 

• Differential Gain/Phase 0.03%/0.03O 


• Enhanced Replacement for AD840 and EL2040 

Description 

The HA-2840 is a wideband, very high slew rate, operation- 
al amplifier featuring superior speed and bandwidth 
characteristics. Bipolar construction, coupled with dielectric 
isolation, delivers outstanding performance in circuits with a 
closed loop gain of 10 or greater. 

A 625V/jiis slew rate and a 600MHz gain bandwidth product 
ensure high performance in video and RF amplifier designs. 
Differential gain and phase are a low 0.03% and 0.03 
degrees respectively, making the HA-2840 ideal for video 


Applications 

• Pulse and Video Amplifiers 

• Wideband Amplifiers 

• High Speed Sample-Hold Circuits 

• RF Oscillators 


applications. A full ±10V output swing, high open loop gain, 
and outstanding A.C. parameters, make the HA-2840 an 
excellent choice for high speed Data Acquisition Systems. 

The HA-2840 is available in commercial and industrial 
temperature ranges, and a choice of packages. See the 
“Ordering Information” section below for more information. 

For military grade product, refer to the HA-2840/883 data 
sheet. 


Pinouts 

HA7-2840 (CERAMIC DIP) 
HA1-2840 (CERAMIC DIP) HA3-2840 (PLASTIC DIP) 

HA3B2840 (PLASTIC DIP) HA9P2840 (SOIC) 



(N.C.) No Connection pins may be tied to a ground plane for better isolation 
and heat dissipation. 


Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA1 -2840-5 

0°Cto +75°C 

1 4 Pin Ceramic DIP 

HA3B2840-5 

0°C to +75°C 

14 Pin Plastic DIP 

HA7-2840-5 

0°C to +75°C 

8 Pin Ceramic DIP 

HA3-2840-5 

0°C to +75QC 

8 Pin Plastic DIP 

HA9P2840-5 

0°C to +750C 

8 Pin SOIC 

HA1 -2840-9 

-40°C to +85°C 

14 Pin Ceramic DIP 

HA3B2840-9 

-40°C to +85°C 

14 Pin Plastic DIP 

HA7-2840-9 

-40°C to +85°C 

8 Pin Ceramic DIP 

HA3-2840-9 

-40°C to +85°C 

8 Pin Plastic DIP 

HA9P2840-9 

-40°C to +85°C 

8 Pin SOIC 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA- 2 840 


Absolute Maximum Ratings (Note i) 

Voltage Between V+ and V- Terminals 35V 

Differential Input Voltage ±6V 

Peak Output Current 50mA 

Continuous Output Current 33mArms 

Internal Quiescent Power Dissipation (Note 2) 525mW 

Maximum Junction Temperature (Note 2) +175°C 

Maximum Junction Temperature (Plastic Packages) +1 50°C 

(Note 2) 


Operating Temperature Range 

HA-2840-5 0°C < T A < +75°C 

HA-2840-9 -40°C < T A < +850C 

Storage Temperature Range -65°C < T A < +1 50°C 


Electrical Specifications VguPPLY = ±15V, Rl = IkO, Cl < 10 pF, Unless Otherwise Specified. 



TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 3) 

Common-Mode Rejection Ratio (Note 4) 

Minimum Stable Gain 

Gain Bandwidth Product (Notes 5 & 1 2) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 3) 
Output Current (Note 3) 

Output Resistance 
Full Power Bandwidth (Notes 3 & 7) 
Differential Gain (Notes 6 & 1 1 ) 
Differential Phase (Notes 6 & 1 1 ) 


TRANSIENT RESPONSE (Note 8) 


Rise Time 
Overshoot 

Slew Rate (Notes 3 & 1 0) 
Settling Time: 1 0V Step to 0.1 % 


POWER REQUIREMENTS 


Supply Current 

Power Supply Rejection Ratio (Note 9) 
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HA-2840 


1 . Absolute maximum ratings are limiting values, applied individually, be- 
yond which the serviceability of the circuit may be impaired. Functional 
operability under any of these conditions is not necessarily implied. 

2. This value assumes a no load condition: Maximum power dissipation 
with load conditions must be designed to maintain the maximum junction 
temperature below +175°C for ceramic packages and below +150°C 
for plastic packages. 

3. Rl = 1 kn, V Q = ±10V, 0 to ±1 0 V for slew rate. 

4. V C m = ±10V. 

5. V Q = 90mV. 

6. A v = +10. 


7. Full Power Bandwidth guaranteed based on slew rate measurement 
using FPBW = Slew Rate 

; VpE AK = 10V 

2nV PEAK 

8. Refer to Test Circuit section of data sheet. 

9. V SU ppi_Y = ±10VDC to ±20VDC. 

10. This parameter is not tested. The limits are guaranteed based on lab 
characterization, and reflect lot— to— lot variation. 

1 1 . Differential gain and phase are measured with a VM700A video tester, 
using a NTC-7 composite VITS. 

12. A v = +100. 


Test Circuits 


TEST CIRCUIT 



V S = ±1 5V 
A v = +10 
C L < 10pF 


SETTLING TIME TEST CIRCUIT 


INPUT 200ft. 


SETTLING 

POINT 



-L PROBE 
T MONITOR 


» Load Capacitance should be less than lOpF. 

> It is ecom mended that resistors be carbon composition and that feed- 
back and summing network ratios be matched to 0.1%. 

• SETTLING POINT (Summing Node) capacitance should be less than 
lOpF. For optimum settling time results, it is recommended that the test 
circuit be constructed directly onto the device pins. A Tektronix 568 Sam- 
pling Oscilloscope with S-3A sampling heads is recommended as a settle 
point monitor. 
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HA-2841 


PRELIMINARY Wideband, Fast Settling, Unity Gain Stable, 

May 1991 Video Operational Amplifier 


Features 

• Low Supply Current 10mA 

• Unity Gain Bandwidth 54MHz 

• High Slew Rate 240V/ps 

• Low Offset Voltage ImV 

• Fast Settling Time (0.1%) 90ns 

• Full Power Bandwidth 3.8MHz 

• Differential Gain/Phase 0.03%/0.03° 


• Enhanced Replacement for AD841 and EL2041 

Description 

The HA-2841 is a wideband, unity gain stable, operational 
amplifier featuring a 54MHz unity gain bandwidth and ex- 
cellent D.C. specifications. 

The 240V/fjs slew rate and 54MHz gain bandwidth product 
ensure high performance in video and pulse amplifier 
design. Differential gain and phase are a low 0.03% and 
0.03 degrees respectively, making the HA-2841 an even 
better choice for video applications. A full ±10V output 


Applications 

• Pulse and Video Amplifiers 

• Wideband Amplifiers 

• High Speed Sample-Hold Circuits 

• Fast, Precise D/A Converters 

• High Speed A/D Input Buffer 


swing, high open loop gain, rapid settling time, and out- 
standing A.C. parameters make the HA-2841 an excellent 
choice for high speed Data Acquisition Systems. 

The HA-2841 is available in commercial and industrial 
temperature ranges, and a choice of packages. See the 
“Ordering Information” section below for more information. 

For military grade product, refer to the HA-2841 /883 data 
sheet. 


Pinouts 

HA3B2841 (PLASTIC DIP) 
TOP VIEW 


HA3-2841 (PLASTIC DIP) 
HA9P2841 (SOIC) 
TOP VIEW 




Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 


HA3B2841-5 

OOC to +75°C 

14 Pin Plastic DIP 

HA3-2841-5 

0°C to +75°C 


HA9P2841-5 

0°C to +75°C 

8 Pin SOIC 

HA3B2841-9 

-40°C to +85°C 


HA3-2841-9 

-40°C to +85°C 

8 Pin Plastic DIP 

HA9P2841-9 

-40°C to +85°C 

8 Pin SOIC 


(N.C.) No Connection pins may be tied to a ground plane for better isolation 
and heat dissipation. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjj e Number 2843 
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Specifications HA-2841 


Absolute Maximum Ratings (Note i) 


Operating Temperature Range 


Voltage Between V+ and V- Terminals 

.... 35V 

HA-2841 -5 

... 0°C < Ta < +75°C 

Differential Input Voltage 

.... ±6 V 

HA-2841 -9 

. -40°C < Ta < +85°C 

Peak Output Current 

. . 50mA 

Storage Temperature Range 

-65°C<Ta<+150°C 

10mA (50% Duty Cycle) 



Maximum Junction Temperature (Note 11) 

+1 75°C 



Maximum Junction Temperature (Plastic Packages) 

+1 50°C 



Electrical Specifications v SUP p L Y = ±i5V, Rl 

= Ikfl, Cl < lOpF, Unless Otherwise Specified. 





HA-2841 -5,- 

9 


PARAMETER 

TEMP 

MIN 

TYP 

MAX 

UNITS 

INPUT CHARACTERISTICS 

Offset Voltage 

+25°C 

- 

1 

3 

mV 


Full 

- 

- 

6 

mV 

Average Offset Voltage Drift 

Full 

- 

14 

- 

juV/°C 

Bias Current 

+25°C 

- 

5 

10 

jjA 


Full 

- 

8 

15 

jiA 

Average Bias Current Drift 

Full 

- 

45 

- 

nAA>C 

Offset Current 

+25°C 

- 

0.5 

1.0 

pA 


Full 

- 

_ 

1.5 

fa 

Input Resistance 

+25°C 

- 

170 

- 

kn 

Input Capacitance 

+25°C 

- 

1 

- 

PF 

Common Mode Range 

Full 

±10 

- 

- 

V 

Input Noise Voltage (10Hz to 1 MHz) 

+25°C 

- 

16 

- 

pVrms 

Input Noise Voltage Density 
(f = 1 kHz, RsoURCE = on ) 

-f25°C 

- 

16 

- 

nV/v/Hz 

Input Noise Current Density 
(f = 1 kHz, RSOURCE = 1 Okfi) 

+25°C 


2 


pA/^/Hz 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 3) 

Common-Mode Rejection Ratio (Note 4) 

Minimum Stable Gain 

Gain Bandwidth Product (Note 5) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 
Output Current (Note 6) 

Output Resistance 
Full Power Bandwidth (Notes 3 & 7) 
Differential Gain (Note 2) 
Differential Phase (Note 2) 
Harmonic Distortion (Note 10) 
TRANSIENT RESPONSE (Note 8) 




Rise Time 

Overshoot 

Slew Rate (Note 1 2) 

Settling Time: 1 0V Step to 0.1 % 

+25°C 

+25°C 

+25°C 

+25°C 

200 

3 

33 

240 

90 

- 

ns 

% 

V/jis 

ns 

POWER REQUIREMENTS 






Supply Current 

+25°C 

- 

10 

- 

mA 


Full 

- 

10 

11 

mA 

Power Supply Rejection Ratio (Note 9) 

Full 

70 

80 

- 

dB 
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NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, be- 
yond which the serviceability of the circuit may be impaired. Functional 
operability under any of these conditions is not necessarily implied. 

2. Differential gain and end phase are measured with a VM700A video 
tester, using a NTC-7 composite VITS. Rp = R-) = IK, Rl = 7000. 

3. V 0 = ±10V. 

4. V CM = ±10V. 

5. A vcl = 1000, Measured at unity gain crossing. 

6. Vq = ±1 0, Rl unconnected. Output duty cycle must be reduced if Iqut 
> 10mA. 

7. Full Power Bandwidth guaranteed based on slew rate measurement 

using FPBW = Slew Rate 

; V PEAK =10V 

2nV PEAK 


8. Refer to Test Circuit section of data sheet. 

9. VsilPPLY = ±10VDC to ±20VDC. 

10. V 0 = 2Vp-p; f = 1MHz; A v = +1. 

1 1 . Maximum power dissipation, including output load, must be designed to 
maintain the maximum junction temperature below +175°C for ceramic 
packages, and below +150°C for the plastic packages. 

12. Ay = +1. This parameter is not tested. The limits are guaranteed based 
on lab characterization, and reflect lot-to-lot variation. 


Test Circuits 

TEST CIRCUIT SETTLING TIME TEST CIRCUIT 

OUT 

V s = ±15V 
Ay = +1 
C L < lOpF 


• Ay = -1 

• Feedback and summing resistors must be matched (0.1%). 

• HP5082-281 0 clipping diodes recommended. 

• Tektronix P6201 FET probe used at settling point. 




Die Characteristics 

Transistor Count 43 

Die Dimensions 77x81 x 19 mils 

(1960jim x 2060jjm x 485|jm) 

Substrate Potential* V- 

Process High Frequency Bipolar^Dh 


Thermal Constants (OC/W) 

0 ja 

6jc 

HA3B2841, Plastic DIP 

89 

28 

HA9P2841, SOIC’ 

157 

42 

HA3-2841 , Plastic Mini-DIP 

92 

30 


*The substrate may be left floating (Insulating Die Mount) or it may be 
mounted on a conductor at V- potential. 
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HA-2842 


PRELIMINARY 

August 1991 


Wideband, High Slew Rate, High Output Current, 

Video Operational Amplifier 


Features Applications 

• Stable at Gains of 2 or Greater • Pulse and Video Amplifiers 

• Gain Bandwidth 80MHz • Wideband Amplifiers 

• High Slew Rate 400 V/jjs • Coaxial Cable Drivers 

• High Output Current (Min) 100mA • Fast Sample-Hold Circuits 

• Differential Gain/Phase 0.02%/0.03O • High Frequency Signal Coi 

® Low Supply Current (Max) 15mA 

• Low Input Offset Voltage ImV 

• Enhanced Replacement for AD842 


► High Frequency Signal Conditioning Circuits 


Description 

The HA-2842 is a wideband, high slew rate, monolithic 
operational amplifier featuring an outstanding combination 
of speed, bandwidth, and output drive capability. 

Utilizing the advantages of the Harris D. I. technology this 
amplifier offers 400V/(ns slew rate, 80MHz gain bandwidth, 
and ±100mA output current. Application of this device is 
further enhanced through stable operation down to closed 
loop gains of 2. 

For additional flexibility, offset null controls are included in 
the HA-2842 pinout. 

The capabilities of the HA-2842 are ideally suited for high 
speed coaxial cable driver circuits where low gain and high 
output drive requirements are necessary. With 6MHz full 


power bandwidth, this amplifier is most suitable for high 
frequency signal conditioning circuits and pulse video 
amplifiers. Differential gain and phase are a low 0.02% and 
0.03 degrees, respectively, making the HA-2842 ideal for 
video applications. 

The HA-2842 is available in a Plastic 14 lead DIP package, 
which is pin compatible with the HA-2542 and AD842. The 
HA-2842 is also available in Plastic 8 Lead DIP and SOIC 
packages. See the “Ordering Information” section below for 
more information. 

For information about using high output current operational 
amplifiers, please refer to Application Note 556 (Thermal 
Safe-Operating-Areas For High Current Op Amps). Please 
refer to the /883 data sheet for military compliant product. 


Pinouts 

HA3B2842 (PLASTIC DIP) 
TOP VIEW 



HA3-2842 (PLASTIC DIP) 
HA9P2842 (SOIC) 
TOP VIEW 


Ordering information 


14| NC BAL [ 2 _ 

11] BAL ' IN OE 

12] NC + IN Q[ 

771 v+ v- IT 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA3B2842-5 

0OC to +750C 

14 Pin Plastic DIP 

HA3-2842-5 

0OC to +750C 

8 Pin Plastic DIP 

HA9P2842-5 

0°C to +75°C 

8 Pin SOIC 

HA3B2842-9 

-40°C to +85°C 

14 Pin Plastic DIP 

HA3-2842-9 

-40°C to +85°C 

8 Pin Plastic DIP 

HA9P2842-9 

-40°C to +85°C 

8 Pin SOIC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 
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Specifications HA-2842 


Absolute Maximum Ratings (Note i) 

Voltage between V+ and V- Terminals 35V 

Differential Input Voltage ±6V 

Output Current 125mA (Peak) 

100mA (50% Duty Cycle) 

Maximum Junction Temperature (Note 11) +175°C 

Maximum Junction Temperature (Plastic Packages) +1 50°C 


Operating Temperature Range 

HA-2842-5 0°C < Ta < +75<>C 

HA-2842-9 -40<>C < T A < +850C 

Storage Temperature Range -65°C < T^ < +1 50°C 


Electrical Specifications VguPPLY = ±15 Volts; Rl = Ikn, Cl < 10 pF, Unless Otherwise Specified. 


PARAMETER 

TEMP 

HA-2842-5/-9 

UNITS 

MIN 

TYP 

MAX 

INPUT CHARACTERISTICS 

Offset Voltage 


- 

1 

3 

mV 



- 

- 

6 

mV 

Average Offset Voltage Drift 

Full 

- 

13 

- 

pV/oc 

Bias Current 

+2 50C 

- 

5 

10 

MA 


Full 

- 

- 

15 

mA 

Average Bias Current Drift 

Full 

- 

20 

- 

nA/°C 

Offset Current 

+25°C 

- 

0.5 

1.0 

MA 


Full 

- 

- 

1.5 

mA 

Average Offset Current Drift 

Full 

- 

1.3 

- 

nA/°C 

Input Resistance 

+250C 

- 

170 


kn 

Input Capacitance 

+25°C 

- 


- 

PF 

Common Mode Range 

Full 

±10 

- 

- 

V 

Input Noise Voltage (1 0Hz to 1 MHz) 

+250C 

- 

16 

- 

fiVrms 

Input Noise Voltage Density (fo = 1 kHz, Rg = Ofl) 

+250C 

- 

16 

- 

nV/v'Hz 

Input Noise Current Density (fo = 1 kHz, R$ = 1 0Okfl) 

+25°C 

- 

2 

- 

pA/v/Hz 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) 


50k 

100k 

- 

V/V 



30k 

60k 

- 

V/V 

Common-Mode Rejection Ratio (Note 4) 

Full 

80 

110 

- 

dB 

Minimum Stable Gain 

+25°C 

2 

- 

- 

V/V 

Gain-Bandwidth-Product (Note 5) 

+25°C 

- 

80 

- 

MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 3) 

Full 

±10 

±11 

- 

V 

Output Current (Note 6) 

Full 

100 

- 

- 

mA 

Output Resistance 

+2 50C 

- 

8.5 

- 

CL 

Full Power Bandwidth (Note 3 & 7) 

+25°C 

5.2 

6 

- 

MHz 

Differential Gain (Note 2) 

+25°C 

- 

0.02 

- 

% 

Differential Phase (Note 2) 

+2 50C 

- 

0.03 

- 

Degrees 

Harmonic Distortion (Note 10) 

+25°C 

- 

>81 

- 

dB 

TRANSIENT RESPONSE (Note 8) 

Rise Time 

+250C 

- 

4 

- 

ns 

Overshoot 

+25°C 

- 

25 

- 

% 

Slew Rate (Note 1 2) 

+25°C 

325 

400 

- 

V/ps 

Settling Time: 1 0V Step to 0.1 % 

+25°C 

- 

100 

- 

ns 

POWER REQUIREMENTS 

Supply Current 


- 

14.2 

- 

mA 



- 

14.3 

15 

mA 

Power Supply Rejection Ratio (Note 9) 

Full 

70 

80 

" 

dB 
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NOTES: 


1. Absolut© maximum ratings are limiting values, applied individually, 
beyond which the serviceability of the circuit may be impaired. Functional 
operability under any of these conditions is not necessarily implied. 


2. Differential gain and phase are measured with a VM700A video tester, 
using a NTC-7 composite VITS. Rp = R-j = IK, R|_ = 700ft. 


3. R l = 1 kft, V 0 = ±10V 

4. V CM = ±10V 

5. A\/cl =100 

6. Vg = ±5V, Rl Unconnected 


7. Full Power Bandwidth guaranteed based on slew rate measurement using 
FPBW = Slew Rate 

; v PEAK = iov 

2 " v PEAK 


8. Refer to Test Circuits section of this data sheet. 


10. Vq = 2V p _ p ; f = 1MHz; A v = +2. 

11. This value assumes a no load condition: Maximum power dissipation, 
including output load, must be designed to maintain the maximum junc- 
tion temperature below +175°C for ceramic packages, and below 
+150°C for plastic packages. By using Application Note 556 on Safe 
Operating Area equations, along with the packaging thermal resistances 
listed in the Die Characteristics section, proper load conditions can be 
determined. Heat sinking is recommended above +75°C with suggested 
models: 

14 Lead Ceramic DIP: 

Thermalloy #6007 or AAVID #5602B (0 sa = 16°C/W). 

12 Lead Metal Can (TO-8): 

Thermalloy #2240A (8 sa = 27<>C/W) or #2268B (0 sa = 24<>C/W) 

12. AV = +2. This parameter is not tested. The limits are guaranteed based 
on lab characterization and reflect lot-to-lot variation. 


9. VguppLY = ±10VDC to ±20VDC 


Test Circuits 

TEST CIRCUIT 



SETTLING TIME TEST CIRCUIT 



• Ay = -2 

• Feedback and summing resistors must be matched (0.1%) 

• HP5082-281 0 clipping diodes recommended 

• Tektronix P6201 FET probe used at settling point 


Die Characteristics 

Transistor Count 43 

Die Dimensions 77 x 81 x 1 9 mils 

(1960jim x 2060jjm x 485jjm) 
Substrate Potential* V- 


Process High Frequency Bipolar-DI 


Passivation 


, . . Nitride 

Thermal Constants (°C/W) 

e ja 

Gjc 

HA3B2842 Plastic DIP 

89 

28 

HA3-2842 Plastic Mini-DIP 

92 

30 

HA9P2842 SOIC 

157 

42 


*The substrate may be left floating (Insulating Die Mount) or it may be 
mounted on a conductor at V- potential. 


Typical Applications 

The Harris HA-2842 is a state of the art monolithic device 
which also approaches the “ALL-IN-ONE” amplifier 
concept. This device features an outstanding set of AC 
parameters augmented by excellent output drive capability 
providing for suitable application in both high speed and 
high output drive circuits. 

Primarily intended to be used in balanced 50f2 and 75f2 
coaxial cable systems as a driver, the HA-2842 could also 
be used as a power booster in audio systems as well as a 
power amp in power supply circuits. This device would also 
be suitable as a small DC motor driver. 

Prototyping Guidelines 

For best overall performance in any application, it is 
recommended that high frequency layout techniques be 
used. This should include: 1) mounting the device through a 
ground plane: 2) connecting unused pins (N.C.) to the 
ground plane: 3) mounting feedback components on Teflon 
standoffs and/or locating these components as close to the 
device as possible; 4) placing power supply decoupling 
capacitors from device supply pins to ground. 


• For 0.01% settliing time, heat sinking is suggested to reduce thermal 
effects and an analog ground plane with supply decoupling is suggested 
to minimize ground loop errors. 
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HA-2850 


PRELIMINARY Low Power, High Slew Rate, Wideband 

August 1991 Operational Amplifier 


Features 

• Low Supply Current 7.5mA 

• High Slew Rate 340V/ M s 

• Open Loop Gain 25kV/V 

• Wide Gain-Bandwidth (Av> 10) 470MHz 

• Full Power Bandwidth 5.4MHz 

• Low Offset Voltage 0.6mV 

• Input Noise Voltage 11.0nVA/Hz 

• Differential Gain/Phase 0.04%/0.04° 


• Lower Power Enhanced Replacement for AD840 and 
EL2040 

Description 

The HA-2850 is a wideband, high slew rate, operational 
amplifier featuring superior speed and bandwidth charac- 
teristics. Bipolar construction, coupled with dielectric 
isolation, delivers outstanding performance in circuits with a 
closed loop gain of 10 or greater. 

A 340V/jlis slew rate and a 470MHz gain bandwidth product 
ensure high performance in video and wideband amplifier 
designs. Differential gain and phase are a low 0.04% and 
0.04 degrees respectively, making the HA-2850 ideal for 
video applications. A full ±10V output swing, high open 


Appiications 

• Pulse and Video Amplifiers 

• Wideband Amplifiers 

• High Speed Sample-Hold Circuits 

• Fast, Precise D/A Converters 


loop gain, and outstanding A.C. parameters, make the HA- 
2850 an excellent choice for high speed Data Acquisition 
Systems. 

The HA-2850 is available in commercial and industrial 
temperature ranges, and a choice of packages. See the 
“Ordering Information” section below for more information. 

For military grade product, refer to the HA-2850/883 data 
sheet. 


Pinouts 


HA1-2850 (CERAMIC DIP) 
HA3B2850 (PLASTIC DIP) 
TOP VIEW 


HA7-2850 (CERAMIC DIP) 
HA3-2850 (PLASTIC DIP) 
HA9P2850 (SOIC) 

TOP VIEW 



NC 
-IN 
+ IN 
V- 



NC 

V+ 

OUT 

NC 


(N.C.) No Connection pins may be tied to a ground plane for better isolation 
and heat dissipation. 


Ordering information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA1 -2850-5 

0°Cto +75°C 

14 Pin Ceramic DIP 

HA3B2850-5 

0°C to +75°C 

1 4 Pin Plastic DIP 

HA7-2850-5 

0°C to + 750C 

8 Pin Ceramic DIP 


0OC to +75°C 

8 Pin Plastic DIP 


0°C to +75°C 

8 Pin SOIC 

HA1 -2850-9 

-40°C to -f 85°C 

14 Pin Ceramic DIP 

HA3B2850-9 

-40°C to + 85°C 

14 Pin Plastic DIP 

HA7-2850-9 

-40°C to +85°C 

8 Pin Ceramic DIP 

HA3-2850-9 

-40°C to +85°C 

8 Pin Plastic DIP 

HA9P2850-9 

-40°C to +85°C 

8 Pin SOIC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjjg f\||jmfc>er 2844 1 

Copyright © Harris Corporation 1 991 



3-347 


OPERATIONAL 

AMPLIFIERS 


































Specifications HA-2850 


Absolute Maximum Ratings (Note i) 

Voltage Between V+ and V- Terminals 35V 

Differential Input Voltage ±6V 

Maximum Junction Temperature +175°C 

Maximum Junction Temperature (Plastic Packages) +150°C 


Operating Temperature Range 

HA-2850-5 0°C < Ta < +75°C 

HA-2850-9 -40°C < Ta < +85QC 

Storage Temperature Range -65°C < Ta < +1 50°C 


Electrical Specifications VguPPLY = ±15V, Rl = IkO, C[_ < 10pF, Unless Otherwise Specified. 




HA-2850-5, - 

9 


PARAMETER 

TEMP 

MIN 

TYP 

MAX 

UNITS 

INPUT CHARACTERISTICS 

Offset Voltage 


- 

0.6 

2 

mV 



- 

2 

6 

mV 

Average Offset Voltage Drift 

Full 

- 

20 

- 

MV/°C 

Bias Current 

+25°C 

- 

5 

14.5 

mA 


Full 

- 

8 

20 

mA 

Offset Current 

+25°C 

- 

1 

4 

mA 


Full 

- 

- 

8 

PA 

Input Resistance 

+25°C 

- 

10 

- 

kO 

Input Capacitance 

+25°C 

- 

1 

- 

PF 

Common Mode Range 

Full 

±10 

- 

- 

V 

Input Noise Voltage 
(fo = 1 kHz, RsOURCE = 0O) 

+25°C 


11 

“ 

nV/v/Hz 

Input Noise Current 
(fo = 1 kHz, RsOURCE = 1 OkO) 

+25°C 

~ 

6 

~ 

pA/y^Hz 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 3) 

Common-Mode Rejection Ratio (Note 4) 

Minimum Stable Gain 

Gain Bandwidth Product (Notes 5 & 1 1 ) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 3) 
Output Current (Note 3) 

Output Resistance 
Full Power Bandwidth (Notes 3 & 7) 
Differential Gain (Notes 2 & 6) 
Differential Phase (Notes 2 & 6) 


TRANSIENT RESPONSE (Note 8) 


POWER REQUIREMENTS 


Supply Current 

Power Supply Rejection Ratio (Note 9) 



Full 

±10 

Full 

±10 

+25°C 

- 

+25°C 

4.8 

+25°C 

- 

+25°C 

- 


Rise Time 

+25°C 

- 

5 

Overshoot 

+25°C 

- 

25 

Slew Rate (Notes 3 & 1 0) 

+25°C 

300 

340 

Settling Time: 1 0V Step to 0.1 % 

+25°C 

- 

200 
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NOTES: 

1 . Absolute maximum ratings are limiting values, applied individually, be- 
yond which the serviceability of the circuit may be impaired. Functional 
operability under any of these conditions is not necessarily implied. 

2. Differential gain and end phase are measured with a VM700A video 
tester, using a NTC-7 composite VITS. 

3. R|_ = 1 kO, V Q = ±10V, 0 to ±10V for slew rate. 

4. V CM = ±10V. 

5. V Q = 90mV. 

6. Ay = +10. 


7. Full Power Bandwidth guaranteed based on slew rate measurement 

using FPBW = Slew Rate ,, 

; V PEAK = 10V 

2nV PEAK 

8. Refer to Test Circuit section of data sheet. 

9. ^SUPPLY = ±10VDC to ±20VDC. 

1 0. This parameter is not tested. The limits are guaranteed based on lab 
characterization, and reflect lot-to-lot variation. 

1 1 . A v = +1 00. 


Test Circuits 


TEST CIRCUIT 



SETTLING TIME TEST CIRCUIT 


V+ 



• AV = -10 

• Load Capacitance should be less than lOpF. 

• It is recommended that resistors be carbon composition and that feed- 
back and summing network ratios be matched to 0.1%. 

• SETTLING POINT (Summing Node) capacitance should be less than 
lOpF. For optimum settling time results, it is recommended that the test 
circuit be constructed directly onto the device pins. A Tektronix 568 Sam- 
pling Oscilloscope with S-3A sampling heads is recommended as a settle 
point monitor. 
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HA-4741 



August 1991 


Quad Operational Amplifier 


Features 

• Slew Rate 1.6 V/jjs 

• Bandwidth 3.5MHz 

• Input Voltage Noise 9nV/^/Hz 

• Input Offset Voltage 0.5mV 

• Input Bias Current 60nA 

• Supply Range ±2V to ±20V 

• No Crossover Distortion 

• Standard Quad Pinout 

Description 

HA-4741, which contains four amplifiers on a monolithic 
chip, provides a new measure of performance for general 
purpose operational amplifiers. Each amplifier in the 
HA-4741 has operating specifications that equal or exceed 
those of the 741 -type amplifier in all categories of 
performance. 

HA-4741 is well suited to applications requiring accurate 
signal processing by virtue of its low values of input offset 
voltage (0.5 mV), input bias current (60nA) and input voltage 
noise (QnV/^/Hz at 1kHz). 3.5MHz bandwidth, coupled with 
high open-loop gain, allow the HA-4741 to be used in des- 
igns requiring amplification of wide band signals, such as 
audio amplifiers. Audio application is further enhanced by 
the HA-4741 ’s negligible output crossover distortion. 


Applications 

• Universal Active Filters 

• D3 Communications Filters 

• Audio Amplifiers 

• Battery-Powered Equipment 


These excellent dynamic characteristics also make the 
HA-4741 ideal for a wide range of active filter designs. 
Performance integrity of multi-channel designs is assured 
by a high level of amplifier-to-amplifier isolation (108dB at 
10kHz). 

A wide range of supply voltages (±2V to ±20V) can be used 
to power the HA-4741, making it compatible with almost 
any system including battery-powered equipment. 

The HA-4741 is available in plastic or ceramic 14 lead DIP 
packages. The HA-4741 -2 operates from -550C to 
+1250C and the HA-4741 -5 operates over the 0°C to 
+75°C temperature range. HA-4741 /883 product and data 
sheets available upon request. This device is also offered in 
a 16 pin SOIC package with -5 or -9 temperature options. 


Pinouts 

HA1-4741 (CERAMIC) 
HA3-4741 (PLASTIC) 

TOP VIEW 

OUT1 [T! OUT4 



OUT1 Qj 


HA9P4741 (SOIC) 
TOP VIEW 



Schematic 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications HA-4741 


Absolute Maximum Ratings (Note 13) 

T A = +25°C Unless Otherwise Stated 

Voltage Between V+ and V- Terminals 40.0V 

Differential Input Voltage ±30.0V 

Input Voltage (Note 1 ) ±1 5.0V 

Output Short Circuit Duration (Note 2) Indefinite 

Power Dissipation For Plastic Package (Note 3) 880mW 


Operating Temperature Ranges 

HA-4741 -2 -55°C<T A <+125°C 

HA-4741 -5 0°C < T A < +750C 

HA-4741 -9 -40°C < T A < +85°C 

Storage Temperature Range -65°C <T A <+150°C 


Electrical Specifications V+ = +15V, V- = -15V, Unless Otherwise specified. 


PARAMETER 


INPUT CHARACTERISTICS 



Offset Voltage 

+25°C 

- 

0.5 

3 

- 

1 

5 

5 

mV 


Full 

- 

4 

5 

- 

4 

6.5 

8.5 

mV 

Average Offset Voltage Drift 

Full 

- 

5 

- 

- 

5 

- 

- 

pV/OC 

Bias Current 

+25°C 

- 

60 

200 

- 

60 

300 

300 

nA 


Full 

- 

- 

325 

- 

- 

400 

400 

nA 

Offset Current 

+25°C 

- 

15 

30 

- 

30 

50 

50 

nA 


Full 

- 

- 

75 

- 

- 

100 

100 

nA 

Common Mode Range 

Full 

±12 

- 

- 

±12 

- 

- 

- 

V 

Differential Input Resistance 

+25°C 

- 

0.5 

- 

- 

0.5 

- 

- 

MG 

Input Voltage Noise (f = 1 kHz) 

+25°C 

- 

9 

- 

- 

9 

- 

- 

nV/y/Rz 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Notes 4) 

Common Mode Rejection Ratio 

Channel Separation (Note 5) 

Small Signal Bandwidth 


OUTPUT CHARACTERISTICS 

Output Voltage Swing (Rj_ = 1 0K) 
(R L = 2K) 

Full Power Bandwidth (Notes 4 & 9) 
Output Current (Note 6) 

Output Resistance 




Full 

±12 

±13.7 

- 

±12 

±13.7 

- 

- 

Full 

±10 

±12.5 

- 

±10 

±12.5 

- 

- 

+25°C 

14 

25 

- 

14 

25 

- 

- 

Full 

±5 

±15 

- 

±5 

±15 

- 

- 

+25°C 

- 

300 

- 

- 

300 


- 


TRANSIENT RESPONSE (Note 7 & 1 0) 


Rise Time (Note 11) 

+25°C 

- 

75 

140 

- 

75 

140 

140 

ns 

Overshoot (Note 1 1 ) 

+25°C 

- 

25 

40 

- 

25 

40 

40 

% 

Slew Rate (Note 12) 

+25°C 

- 

±1.6 

- 

- 

±1.6 

- 

- 

V/fis 

POWER SUPPLY CHARACTERISTICS 

Supply Current 

+25°C 

- 

4.5 

5 

- 

5 

7 

7 

mA 

Power Supply Rejection Ratio (Note 8) 

Full 

80 

95 

" 

80 

95 

- 

- 

dB 


NOTES: 

1. For supply voltages less than ±15V r the absolute maximum 
input voltage is equal to the supply voltage. 

2. One amplifier may be shorted to ground indefinitely 

3. Derate 5.8mW/°C above Ta = +25°C 

4. Vqut = ±10. Rl_ = 2K 

5. Referred to input; f = 1 0kHz, R$ = 1 K 

6. Vqut ~ ± 10 

7. See Pulse Response Characteristics 

8. AV = ±5V 


9. Full power bandwidth guaranteed based upon slew rate 
measurement FPBW = S.R./2n Vp^A^ 

10. R L = 2K, Cl = 50pF 

11. Vqut = ±200mV 

12. Vqut = ±5V 

13. Absolute maximum ratings are limiting values, applied individually beyond 
which the serviceability of the circuit may be impaired. Functional operabi- 
lity under any of these conditions is not necessarily implied. 

14. Typical and Minimum specifications for the -9 version are the same as 
those for the -5 version. 
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August 1991 


HA-5002 

Monolithic, Wideband, High Slew Rate, 
High Output Current Buffer 


Features 


Applications 

• Voltage Gain 

0.995 

• Line Driver 

• High Input Impedance 

3000kQ 

• Data Acquisition 

• Low Output Impedance 

3n 

• 110MHz Buffer 

• Very High Slew Rate 

.... 1 300V/jLisec 

• High Power Current Booster 

• Very Wide Bandwidth 

110MHz 

• High Power Current Source 

• High Output Current 


• Sample and Holds 

• Pulsed Output Current 


• Radar Cable Driver 

• Monolithic Construction 


• Video Products 

Description 



The HA-5002 is a monolithic, wideband, high slew rate, 
high output current, buffer amplifier. 

allowed a more precise buffer to be developed with more 
than an order of magnitude smaller gain error. 

Utilizing the advantages of the Harris D.l. technologies, 
the HA-5002 current buffer offers 1300V/psec slew rate 
with 110MHz of bandwidth. The ±200mA output current 
capability is enhanced by a 3 Cl output impedance. 

The monolithic HA-5002 will replace the hybrid LH0002 with 
corresponding performance increases. These characteristics 
range from the 3000kH input impedance to the increased 
output voltage swing. Monolithic design technologies have 

The HA-5002 will provide many present hybrid users with a 
higher degree of reliability and at the same time increase 
overall circuit performance. 

The HA-5002 is available in an 8 pin SOIC package, an 

8 pin Metal Can, and 8 pin Ceramic and Plastic Mini-DIPs. 
For the military grade product, refer to the HA-5002/883 
Data Sheet. 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 
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Specifications HA- 5 002 


Absolute Maximum Ratings (Notei) 

Voltage Between V+ and V- pins 44V 

Input Voltage Equal to Supplies 

Output Current Continuous ±200mA 

Output Current (50ms On, Is Off) ±400mA 

Internal Power Dissipation (Note 2) 

TO-99 (+25°C) 1.1 3W 

Mini-DIP (+25°C) 1.22W 

Plastic DIP (+25°C) 1.88W 


Operating Temperature Range 

Maximum Junction Temperature +1 50°C 

(Plastic Packages) 

Maximum Junction Temperature +175°C 

HA-5002-2 -55°C < T A < +1 25°C 

HA-5002-5 0°C < T A < +750C 

HA-5002-9 -40°C <T A < +850C 

Storage Temperature Range -65°C <T A <+150°C 


Electrical Specifications V SUPPLY = ± 12 V to ±15V, R s = son, R l = Ikn, C L = 10pF, Unless Otherwise Specified. 



INPUT CHARACTERISTICS 
Offset Voltage 

Average Offset Voltage Drift 
Bias Current 

Input Resistance 

Input Noise Voltage (1 0Hz-1 MHz) 
TRANSFER CHARACTERISTICS 


HA-5002-2 

TEMP MIN I TYP I MAX 


+25°C 

Full 

Full 

+25°C 

Full 

Full 1.5 
+25°C 


HA-5002-5, -9 


TYP MAX 


Voltage Gain (Note 7) R[_ = 1 000 

+25°C 

_ 

0.971 

Rl= IkO 

+25°C 

- 

0.995 

R|_= IkQ 

Full 

0.990 

- 

-3dB Bandwidth (Note 4) 

+25°C 

- 

110 

AC Current Gain 

+25°C 

- 

40 


I 


_ 

0.971 

- 

0.995 

0.980 

- 

- 

110 

- 

40 


OUTPUT CHARACTERISTICS 


TRANSIENT RESPONSE 


Full Power Bandwidth (Note 8) 
Rise Time 
Propagation Delay 
Overshoot 
Slew Rate 

Settling Time to 0.1 % 


POWER REQUIREMENTS 


Supply Current 

Power Supply Rejection Ratio 
(Note 9) 


+25°C 

+25°C 

+25°C 

+25°C 

+25°C 1.0 

+25°C 


+25°C 
Full I - 
Full 54 



_ 

41 

- 

3.6 

- 

2 

- 

30 

1.0 

1.3 

- 

50 




Output Voltage Swing Rl_ = 1 00Q 

+25°C 

±10 

±10.7 

_ 

±10 

±11.2 

_ 

V 

R L = 1 kH (Note 3) 

Full 

±10 

±13.5 

- 

±10 

±13.9 

- 

V 

R L =1kH (Note 5) 

Full 

±10 

±10.5 

- 

±10 

±10.5 

- 

V 

Output Resistance 

Full 

- 

3 

10 

- 

3 

10 

n 

Harmonic Distortion (Note 6) 

+25°C 

- 

<0.005 

- 

- 

<0.005 

- 

% 




1. Absolute maximum ratings are limiting values, applied individually beyond 6. Vjjg = 1 Vrms'. f = 10kHz. 
which the serviceability of the circuit may be impaired. Functional _ 

operability under any of these conditions is not necessarily implied. OUT “ 


2. See thermal constants data in Die Characteristics section. 

3. VgupPLY = 11:1 5V 

4- V, N = 1V p _ p 

5 - VSUPPLY - ±1 2V 


7. V 0 UT = ±10V 

8. FPBW = Slew Rate V P = 5V(10Vp-p) 

2 nVp 

9. AVsUPPLY ~ 10V 
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HA-5002 


Operating Instructions 

Layout Considerations 

The wide bandwidth of the HA-5002 necessitates that high 
frequency circuit layout procedures be followed. Failure to 
follow these guidelines can result in marginal performance. 

Probably the most crucial of the RF/video layout rules 
is the use of a ground plane. A ground plane provides 
isolation and minimizes distributed circuit capacitance and 
inductance which will degrade high frequency performance. 

Other considerations are proper power supply bypassing 
and keeping the input and output connections as short 
as possible which minimizes distributed capacitance and 
reduces board space. 


Power Supply Decoupling 

For optimal device performance, it is recommended that the 
positive and negative power supplies be bypassed with 
capacitors to ground. Ceramic capacitors ranging in value 
from 0.01 to 0.1 jjF will minimize high frequency variations in 
supply voltage, while low frequency bypassing requires 
larger valued capacitors since the impedance of the capacitor 
is dependent on frequency. 

It is also recommended that the bypass capacitors be 
connected close to the HA-5002 (preferably directly to the 
supply pins). 


FREE AIR POWER DISSIPATI ON 


PLASTIC DIP 



u j-c u c-s T u s-a 

Where: Tj max = Maximum Junction Temperature of the Device 
= Ambient 

0j_ c = Junction to Case Thermal Resistance 
0 C _ S = Case to Heat Sink Thermal Resistance 
0 s _ a = Heat Sink to Ambient Thermal Resistance 


65 85 105 

TEMPERATURE (°C) 
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VquT MAX, VOLTS P-P @ lOOKHz 


HA-5002 



ms 


BDII 

III 

■lllllll 

K 

!H 

■■min 

■II 

III 

■slum 

98 ! 
tm hmii 

III 

ISiii 

■■mm: 

■■iniiii 


12 8 
SUPPLY VOLTAGE ( + V) 


■HIT 

■mi 

imiii 

■■iii 
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i ■mi 

■llll 
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mm 

■llll 

■llll 

iiikmi 

■II 
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■II 
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■ii 
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FREQUENCY (Hz) 
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Typical Applications 

OPERATION AT REDUCED SUPPLY LEVELS 

The HA-5002 can operate at supply voltage levels as low as 
±5V and lower. Output swing is directly affected as well as 
slight reductions in slew rate and bandwidth. 

SHORT CIRCUIT PROTECTION 

The Output current can be limited by using the following 
circuit: 



CAPACITIVE LOADING 

The HA-5002 will drive large capacitive loads without 
oscillation but peak current limits should not be exceeded. 
Following the formula I = C^ v /dt implies that the slew rate or 
the capacitive load must be controlled to keep peak current 
below the maximum or use the current limiting approach as 
shown. The HA-5002 can become unstable with small 
capacitive loads (50pF) if certain precautions are not taken. 
Stability is enhanced by any one of the following: a source 
resistance in series with the input of 50fi to 1 K; increasing 
capacitive load to 1 50pF or greater; decreasing Cl0AD to 
20pF of less; adding an output resistor of 10f2 to 50H; or 
adding feedback capacitance of 50pF or greater. Adding 
source resistance generally yields the best results. 


Die Characteristics 

Transistor Count 27 


Die Dimensions 


80 > 

c 8 1 x 19 mils 


(2030pm x 2050pm x 480pm) 

Substrate Potential* 



Vi- 

Process 



. . Bipolar-DI 

Thermal Constants (°C/W) 


6ja 

e jc 

HA7-5002 Ceramic Mini- 

-DIP 

122 

39 

HA3-5002 Plastic DIP 


80 

20 

HA2-5002 Metal Can 


103 

31 

HA9P5002 SOIC 


160 

42 


*The substrate may be left floating (Insulating Die Mount) or it may be 
mounted on a conductor at V- potential. 
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August 1991 


100MHz Current Feedback Amplifier 


Features 

• Slew Rate 1200V/ps 

• Output Current ±100mA 

• Drives ±9Vinto 100ft 

• ^SUPPLY ±5V to ±1 8V 

• Thermal Overload Protection and Output Flag 

• Bandwidth Nearly Independent of Gain 

• Output Enable/Disable 

Applications 

• Unity Gain Video/Wideband Buffer 

• Video Gain Block 

• High Speed Peak Detector 

• Fiber Optic Transmitters 

• Zero Insertion Loss Transmission Line Drivers 

• Current to Voltage Converter 

• Radar Systems 


Description 

The HA-5004 current feedback amplifier is a video/ 
wideband amplifier optimized for low gain applications. The 
design is based on current-mode feedback which allows 
the amplifier to achieve higher closed loop bandwidth than 
voltage-mode feedback operational amplifiers. Since feed- 
back is employed, the HA-5004 can offer better gain 
accuracy and lower distortion than open loop buffers. 
Unlike conventional op amps, the bandwidth and rise time 
of the HA-5004 are nearly independent of closed loop gain. 
The 100MHz bandwidth at unity gain reduces to only 
65MHz at a gain of 10. The HA-5004 may be used in place 
of a conventional op amp with a significant improvement in 
speed power product. 

Several features have been designed in for added value. A 
thermal overload feature protects the part against excessive 
junction temperature by shutting down the output. If this 
feature is not needed, it can be inhibited via a TTL input 
(TOI). A TTL chip enable/disable (OE) input is also provided; 
when the chip is disabled its output is h igh impedance. 
Finally, an open collector output flag (TOL) is provided to 
indicate the status of the chip. The status flag goes low to 
indicate when the chip is disabled due to either the internal 
Thermal Overload shutdown or the external disable. 

In order to maximize bandwidth and output drive capacity, 
internal current limiting is not provided. However, current 
limiting may be applied via the Vq+ and Vq- pins which 
provide power separately to the output stage. 

The HA-5004 is available in a 14-pin Ceramic DIP and is 
specified for operation from 0°C to +75°C (HA1 -5004-5) 
and -40°C to +850C (HA1 -5004-9). For Military grade 
product refer to the HA-5004/883 data sheet. 


Pinouts 

HA1-5004 (CERAMIC DIP) 
TOP VIEW 



v c - 

V E E 

FB 

IN 

TOL 

GND 

N/C 


INPUTS 

TEMP 

TOL OUTPUT 

(OPEN 

COLLECTOR) 

OPERATION 

OE 

TOI 

Tj 

0 

0 

Normal 

1 

Normal 

0 

0 

High* 

0 

Auto Shutdown, Hi-Z OUT 

0 

1 

X 

1 

Normal 

1 

X 

X 

0 

Manual Shutdown, Hi-Z OUT 


*>180°C Typical 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-5004 


Absolute Maximum Ratings (Note i) 


Supply Voltage 

Differential Input Voltage , 

Common Mode Input Voltage 
Output Current 


±20V 

5 V 

■ ± V SUPPLY 
... ±120mA 


Operating Temperature Range 

HA-5004-9 -40°C <Ta < +85°C 

HA-5004-5 0°C < T A < +75°C 

Storage Temperature -65°C < T A < +1 50°C 

Maximum Junction Temperature +175°C 


Electrical Specifications v cc = v c+ = +1 5 v, v EE = v c _ = -i 5 v, r s = son, r l =ioon, a v = +i, r e = 25 on, oe = o. 8 V, 

TOI = 0.8V or 2.0V Unless Otherwise Specified. 


HA-5004-5, -9 


TYP MAX 


INPUT CHARACTERISTICS 


Offset Voltage 

Average Offset Voltage Drift 
Bias Current (+lnput Only) (Note 2) 

Input Resistance (+lnput Only) (Note 2) 
Input Capacitance 
Common Mode Range 


DISTORTION AND NOISE 


+25°C 

- 

1 

5 

Full 

- 

- 

20 

Full 

- 

10 

- 

+25°C 

- 

2 

5 

Full 

- 

- 

20 

+25°C 

- 

3 

- 

+25°C 

- 

3 

- 

Full 

±10 

- 

" 


Total Harmonic Distortion 2V p _ p , 200kHz AvcL = +1 


AvCL = +2 


a VCL = + 5 


Input Noise Voltage 1 0Hz to 1 MHz 

+25°C 

Input Noise Voltage Density (Note 3) f Q = 1 0kHz 

+25°C 

f 0 = 100kHz 

+25°C 

Input Noise Current Density (Note 3) f Q = 1 0kHz 

+25°C 

f Q = 100kHz 

+25°C 


DIGITAL I/O CHARACTERISTICS 


Logic Inputs (OE and TOI) 

V|H 


V|L 


1||-| @ V| = 2.4V 


l|L @ V| = 0.4V 

Logic Output (TOL) (Open Collector) 

Vql @ 800pA 



TRANSFER CHARACTERISTICS 


DC Gain Error 

Small Signal (±1 OOmV) 

+25°C 

Full 


Large Signal (±1 OV) (R E = 1 K) 

+250C 

Full 

DC Voltage Gain (Note 4) 


+250C 

Full 

DC Transimpedance (Note 5) 


+250C 

Full 

-3dB Bandwidth A v = +1 (Note 6) 


+250C 

Gain Flatness 

DC to 5MHz 

+25°C 


DC to 10MHz 

+25°C 

Differential Gain (Notes 6, 7, 8) 3.58MHz 

A V CL= +1 

+25QC 


a VCL = +2 

+250C 

Differential Gain (Notes 6, 7, 8) 4.43MHz 

avcl = +i 

+25°C 


A V CL=+2 

+250C 

Differential Phase (Note 6, 7) 3.58MHz 

avcl = +i 

+250C 


AvCL = +2 

+25°C 

Differential Phase (Note 6, 7) 4.43MHz 

avcl = +i 

+250C 


AvCL = +2 

+250C 

Common Mode Rejection Ratio (Note 9) 


Full 

Minimum Stable Gain 


Full 





- 

- 

V 

- 

0.8 

V 

- 

1 

pA 

- 

10 

pA 

0.05 

0.4 

V 


0.25 

0.43 

% 

0.25 

0.75 

% 

0.25 

0.43 

% 

0.25 

0.75 

% 

400 

- 

v/v 

400 

- 

v/v 

100 

- 

V/mA 

100 

- 

V/mA 

100 

- 

MHz 

0.03 

- 

dB 

0.05 

_ 

dB 

0.035 

- 

% 

0.058 

- 

% 

0.035 

- 

% 

0.058 

- 

% 

0.15 

- 

Degree 

0.23 

- 

Degree 

0.17 

- 

Degree 

0.24 

- 

Degree 

58 

- 

dB 

- 

- 

V/V 
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Specifications HA-5004 


Electrical Specifications (Continued) v c c = Vc+ = +1 sv, Vee = Vc- = -i 5 v, Rs = soo, Rl =1 oon, a v = +1 , Rf = 250a 

OE = 0.8V, TOI = 0.8 V or 2.0V Unless Otherwise Specified. 




HA 

-5004-5, 

PARAMETER 

TEMP 

MIN 

TYP 

| OUTPUT CHARACTERISTICS 

Output Voltage Swing (Rl = 1 0OCl) 

+25°C 

±9.0 

±9.5 

(R L =1k Cl) 

+25°C 

±11.5 

±11.8 

(R L =100 ft) 

Full 

±8.0 

±9.5 

(R[_ = 1 kfl) 

Full 

±10.5 

±11.8 

Full Power Bandwidth (Ay = +1 ) (Note 1 0) 

+25°C 

- 

100 

Output Resistance, Open Loop 

+25°C 

- 

5 

Output Current 

+25°C 

±90 

±100 


Full 

±80 

±100 

Output Enable time (Hi Z to ±2V) 

Full 

- 

100 

Output Disable time (±2V to Hi Z) 

Full 

- 

3 

Output Leakage (Disabled) 

Full 

- 

- 


TRANSIENT RESPONSE 


POWER SUPPLY CHARACTERISTICS 



Rise Time/Fall Time 

+25°C 

Propagation Delay (1 OV Step) 

+25°C 

Slew Rate 

+25°C 

Settling Time (0.1 %, 1 0V Step) 

+25°C 

Overshoot 

+25°C 





Supply Current (Enabled) 

+25°C 


12 

16 


Full 


- 

22 

(Disabled) 

+25°C 


7 

- 

Power Supply Rejecton Ratio 

Full 

50 

60 

- 


NOTES: 1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 

2. Inverting (FB) input is a low impedance point; Bias Current, Offset Current, and Input Resistance are not specified for this terminal. 

3. See typical performance curves. 


4. DC Voltage Gain =- 


, Rp = 2500 


Gain Error 

Rf 

5. DC Transimpedance = , Rp = 2500 

Gain Error 

6. V|n = 300mVp-p 

7- VqffseT = 1.0V 

8. Differential Gain (dB) = 0.0869 Differential Gain (%) 

9. V CM = ±10V 


10. Full power bandwidth guaranteed by equation: Full Power Bandwidth = - 
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HA-5004 


Typical Performance Curves (Continued) 

VOLTAGE NOISE vs. FREQUENCY 
V C C = ±15V 


VsuppLY = ±15V, T A = 25°C, Unless Otherwise Specified. 

CURRENT NOISE vs. FREQUENCY 
V C C = ±15V 



10 100 IK 10K 100K 

FREQUENCY (Hz) 



10 100 IK 10K 100K 

FREQUENCY (Hz) 


Switching Waveforms 

LARGE SIGNAL RESPONSE, Ay = +1 

Vertical Scale: 5V/Div. 
Horizontal Scale: 20ns/Div. 



Ay = +1, VsuPPLY = ±15V 


Vino- 


test circuit 



249X1 


O VOUT 


PROPAGATION DELAY 

Vertical Scale: 2V/Div. 
Horizontal Scale: 20ns/Div. 



Ay = +1, VgUPPLY = ±15V 


SMALL SIGNAL RESPONSE 

Vertical Scale: lOOmV/Div. 
Horizontal Scale: 20ns/Div. 


INPUT 


OUTPUT 



Ay = +1, VgUPPLY = ±15V 


3-366 





HA-5004 


Applications Information 


Theory of Operation 

The HA-5004 is a high performance amplifier that uses 
current feedback to achieve, its outstanding performance. 
Although it is externally configured like an ordinary op amp 
in most applications, its internal operation is significantly 
different. 

Inside the HA-5004, there is a unity gain buffer from the 
non-inverting (+) input to the inverting (FB) input (as 
suggested by the circuit symbol), and the inverting terminal 
is a low impedance point. Error currents are sensed at the 
inverting input and amplified; a small change in input 
current produces a large change in output voltage. The ratio 
of output voltage delta due to input current delta is the 
transimpedance of the device. 

Steady state current at the inverting input is very small 
because the transimpedance is large. The voltage across 
the input terminals is nearly zero due to the buffer amplifier. 
These two properties are similar to standard op amps and 
likewise simplify circuit analysis. 

Resistor Selection 

The HA-5004 is optimized for a feedback resistor of 250H, 
regardless of gain configuration. It is important to note that 
this resistor is required even for unity gain applications; 
higher gain settings use a second resistor like regular op 
amp circuits as shown in Figure 1 below. 


+ 5V 



249A 


249 n 


FIGURE 1: TYPICAL APPLICATION CIRCUIT, A V = +2 


Power Supplies 

The HA-5004 will operate over a wide range of supply 
voltages with excellent performance. Supplies may be 
either single-ended or split, ranging from 6V (±3V) to 36V 
(±18V). Appropriate reduction in input and output signal 
excursion is necessary for operation at lower supply 
voltages. Bypass capacitors from each supply to ground 
are recommended, typically a 0.01 ^F ceramic in parallel 
with a 4.7fiF electrolytic. 

Current Limit 

No internal current limiting is provided for the HA-5004 in 
order to maximize bandwidth and slew rate. However, 
power is supplied separately to the output stage via pins 1 
(Vq-F) and 14 (Vq-) so that external current limiting 
resistors may be used. If required, 100H resistors to each 
supply rail are recommended. 

Enable/Disable and Thermal Overload Operation 

The HA-5004 operates normally with a TTL low state on pin 
7 (OE) but it may be disabled manually by a TTL high state 
at this input. When disabled, the output and inverting (FB) 
input go to a high impedance state and the circuit is 
electrically debiased, reducing . supply current by about 
5mA. It is important to keep the differential input voltage 
below the absolute maximum rating of 5 V when the device 
is disabled. 

If the power dissipation becomes excessive and chip 
temperature exceeds approximately 180°C, the HA-5004 
will automatically disable itself. The therm al ov erload 
condition will be indicated by a low state at the TOL output 
on pin 10. (TOL is also low for manual shutdown via pin 7). 
Automatic thermal shutdown can be bypassed by a TTL 
high state on Thermal Overload Inhibit (TOI) pin 6. See the 
truth table for a summary of operation.’ 

Offset Adjustment 

Offset voltage may be nulled with a 5Kf2 potentiometer 
between pins 3 and 4, center tapped to the positive supply. 
Setting the slider towards pin 3 (+BAL) increases output 
voltage; towards pin 4 (-BAL) decreases output voltage. 
Offset can be adjusted by about ± lOmV with a 5K pot; this 
range is extended with a lower resistance potentiometer. 


Die Characteristics 

Transistor Count 64 

Die Dimensions 93 x 63 x 1 9mils 

(2370 x 1600 x 480jjm) 

Substrate Potential Vee 

Process Bipolar Dl 

Thermal Constants (°C/W) 0j a 6j c 

HA1 -Ceramic DIP 107 25 
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HA-5020 


August 1991 


100MHz Current 
Feedback Video Amplifier 


Features 

• Wide Unity Gain Bandwidth 100MHz 

• Slew Rate 800V/(js 

• Output Current ±30mA (Min) 

• Drives 3.5V into 750 

• Differential Gain <0.02% 

• Differential Phase <0.03% 

• Low Voltage Noise 4.5nV/yHz 

• Low Supply Current .10mA (Max) 

• Wide Supply Range ±5Vto±15V 

• Output Enable/Disable 

• High Performance Replacement for EL2020 


Applications 

• Unity Gain Video/Wideband Buffer 

• Video Gain Block 

• Video Distribution Amp/Coax Cable Driver 

• Flash A/D Driver 

• Waveform Generator Output Driver 

• Current to Voltage Converter; D/A Output Buffer 

• Radar Systems 

• Imaging Systems 


Description 

The HA-5020 is a wide bandwidth, high slew rate amplifier 
optimized for video applications and gains between 1 and 
10. Manufactured on Harris’ Reduced Feature Complemen- 
tary Bipolar Dl process, this amplifier uses current mode 
feedback to maintain higher bandwidth at a given gain than 
conventional voltage feedback amplifiers. Since it is a 
closed loop device, the HA-5020 offers better gain accura- 
cy and lower distortion than open loop buffers. 

The HA-5020 features low differential gain and phase and 
will drive two double terminated 75 H coax cables to video 
levels with low distortion. Adding a gain flatness perform- 
ance of 0.1 dB makes this amplifier ideal for demanding 
video applications. The bandwidth and slew rate of the 
HA-5020 are relatively independent of closed loop gain. 
The 100MHz unity gain bandwidth only decreases to 
60MHz at a gain of 10. The HA-5020 used in place of a 
conventional op amp will yield a significant improvement in 


the speed power product. To further reduce power, the 
HA-5020 has a disable function which significantly reduces 
supply current, while forcing the output to a true high im- 
pedance state. This allows the outputs of multiple amplifiers 
to be wire-OR’d into multiplexer configurations. The 
device also includes output short circuit protection and out- 
put offset voltage adjustment. 

The HA-5020 offers significant enhancements over 
competing amplifiers, such as the EL2020. Improvements 
include unity gain bandwidth, slew rate, video performance, 
lower supply current, and superior DC specifications. 

The HA-5020 is available in commercial and industrial 
temperature ranges, and a choice of packages. See the 
“Ordering Information” section below for more information. 
For military grade product, please refer to the HA-5020/ 
883 data sheet. 


Pinout 


HA3-5020 (PLASTIC DIP) 
HA9P5020 (SOIC) 
TOP VIEW 



Ordering Information 


PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA3-5020-5 

OOC to +75°C 

8 Pin Plastic DIP 

HA9P5020-5 

OOC to +75°C 

8 Pin SOIC 

HA3-5020-9 

-40°C to +85°C 

8 Pin Plastic DIP 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 
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Specifications HA-5020 


Absolute Maximum Ratings (Note i) 
Voltage Between V+ and V- Terminals 

36V 

Operating Temperature Range 

HA-5020-5 

. . . 0°C < Ta < 4-750C 

Common Mode Voltage 

• -VsUPPLY 

HA-5020-9 

. -40°C < Ta < 4-85°C 

Differential Input Voltage 

±10V 

Storage Temperature Range 

-65°C<T A <4-150°C 

Output Current Short Circuit 

. . Protected 

Thermal Package Characteristics 

9jc 0ja 

Maximum Junction Temperature (Note 19) 

... +175°C 

8 Pin Plastic DIP 

32 94 

Maximum Junction Temperature (Plastic Packages) . 

... 4-1 50°C 

Pin SOIC 

43 161 


j HA-5020-5,- 

9 

I MIN 

TYP 

I MAX 


Electrical Specifications V+ = 4-1 5V, V- = -15V, Rp = Ikfl, Av = +1, Rl = 400ft, Cl < 10pF, Unless Otherwise Specified. 


PARAMETER 


INPUT CHARACTERISTICS 


Input Offset Voltage (Note 2) 

Average Input Offset Voltage Drift 

V|Q Common Mode Rejection Ratio (Note 3) 

V|Q Power Supply Rejection Ratio (Note 4) 

Non-Inverting Input (+IN) Current 

+IN Common Mode Rejection (Note 3) 

4-IN Power Supply Rejection (Note 4) 

Inverting Input (-IN) Current 

-IN Common Mode Rejection (Note 3) 

-IN Power Supply Rejection (Note 4) 


TRANSFER CHARACTERISTICS 


Transimpedence 

Open Loop DC Voltage Gain 
R L = 400n,VouT = ± 10V 
Open Loop DC Voltage Gain 

Rl = i oon, vqut = ±2.sv 


OUTPUT CHARACTERISTICS 
Ouput Voltage Swing 

Output Current 

(Guaranteed by Output Voltage Test) 


POWER SUPPLY CHARACTERISTICS 


Quiescent Supply Current 
Supply Current, Disabled (Note 5) 

Disable Pin Input Current (Note 5) 
Minimum Pin 8 Current to Disable (Note 6) 
Maximum Pin 8 Current to Enable (Note 7) 



f 25°C to 4-85°C 

±12 

±12.7 

- 

-40°C to 0°C 

±11 

±11.8 

- 

4-250C 

±30 

±31.7 

- 

Full 

±27.5 

- 

- 



10 

mA 

7.5 

mA 

1.5 

mA 

- 

fa 

20 

PA 
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Specifications HA- 5020 


Electrical Specifications (Continued) v+ = +isv, v- = -isv, r f = ikn, Av = +i, Rl = 40 on, Cl < iopF, 

Unless Otherwise Specified. 


PARAMETER 

TEMP 

HA-5020-5, -1 


UNITS 

MIN 

TYP 

MAX 

A.C. CHARACTERISTICS (A V = +1 ) 

Slew Rate (Note 8) 

+25°C 

600 

800 

- 

V/ps 


Full 

500 

700 

- 

V/ps 

Full Power Bandwidth (Note 9) 

+25°C 

9.6 

12.7 

- 

MHz 

(Guaranteed by Slew Rate Test) 

Full 

8.0 

11.1 

- 

MHz 

Rise Time (Note 10) 

+25°C 

- 

5 

- 

ns 

Fall Time (Note 10) 

+25°C 

- 

5 

- 

ns 

Propagation Delay (Note 1 0) 

+25°C 

I | 

- 

6 

- 

ns 

3-d B Bandwidth (Note 11) 

+25°C 

- 

100 

- 

MHz 

Settling Time to 1 %, 1 0V Output Step 

+25°C 


45 

- 

ns 

Settling Time to 0.25%, 1 0V Output Step 

+25°C 


100 

- 

ns 

A.C. CHARACTERISTICS (Ay = +1 0, Rp = 3830) 

Slew Rate (Notes 8, 1 2) 

+25°C 

900 

1100 

- 

V/ps 


Full 

750 

- 

- 

V/ps 

Full Power Bandwidth (Note 9) 

+25°C 

14.3 

17.5 

- 


(Guaranteed by Slew Rate Test) 

Full 

11.9 

- 

- 


Rise Time (Note 1 0) 

+25°C 

- 

8 

- 


Fall Time (Note 1 0) 

+25°C 

- 

8 

- 


Propagation Delay (Note 1 0) 

+25°C 

- 

9 

- 

ns 

3-dB Bandwidth (Note 1 1 ) 

+25°C 

- 

60 

- 

MHz 

Settling Time to 1 %, 1 0 V Output Step 

+25°C 

- 

55 

- 

ns 

Settling Time to 0.25%, 1 0V Output Step 

+25°C 

- 

90 

- 

ns 

HARRIS VALUE ADDED SPECIFICATIONS 

Input Noise Voltage (f = 1 kHz) 


- 

4.5 

- 

nV/v/Hz 

+lnput Noise Current (f = 1 kHz) 


- 

2.5 

- 

pA/y/Hz 

-Input Noise Current (f = 1 kHz) 

+25°C 

- 

25 

- 

pA/v/Hz 

Input Common Mode Range 

Full 

±10 

±12 

- 

V 

-Ibias Adjust Range (Note 2) 

Full 

±25 

±40 

- 

pA 

Overshoot 

+25°C 

- 

30 

- 

% 

Output Current (Short Circuit, Note 1 3) 

Full 

±50 

±65 

- 

mA 

Output Current (Disabled, Notes 5, 1 4) 

Full 

- 

- 

1 

pA 

Output Disable Time (Note 1 5) 

+25°C 

- 

10 

- 

ps 

Output Enable Time (Note 1 6) 

+25°C 

- 

1 

- 

ps 

Supply Voltage Range 

+25°C 

5 

- 

15 

V 

Output Capacitance (Disabled, Notes 5,1 7) 

+25°C 

- 

15 

- 

PF 

VIDEO CHARACTERISTICS 

Differential Gain (Note 18) 

+25°C 

- 



% 

Differential Phase (Note 1 8) 

+25°C 

- 


- 

Degrees 

Gain Flatness to 5MHz 

+25°C 

- 

0.1 

- 

dB 

Chrominance to Luminance Gain (Note 1 8) 

+25°C 

- 

0.02 

- 

dB 

Chrominance to Luminance Delay (Note 1 8) 

+25°C 

- 

0.3 

- 

ns 


































HA-5020 


1 . Absolute maximum ratings are limiting values, applied individually, be- 
yond which the servicability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 

2. The inverting input current (-Ibias) can be adjusted with an external 
lOkft pot between pins 1 and 5, wiper connected to V+. Since -Ibias 
flows through the feedback resistor (Ftp), the result is an adjustment in 
offset voltage. The amount of offset voltage adjustment is determined by 
the value of Rp (A Vos = A-lbias*Rp). 

3. V CM «±10V. 

4. ±4.5V<_V S < ±18V. 

5. Disable = OV. 

6. R|_ - 100ft, V| n = 10V . This is the minimum current which must be 
pulled out of the Disable pin in order to disable the output. The output is 
considered disabled when -lOmV < Vqut < +10mV. 

7. V|n = OV. This is the maximum current that can be pulled out of the 
Disable pin with the HA-5020 remaining enabled. The HA-5020 is con- 
sidered disabled when the supply current has decreased by at least 
0.5mA. 

8. Vqut switches from -10V to +10V, or from +10V to -10V. Specification 
is from the 25% to 75% points. 


; V PEAK —10V. 

2nV PEAK 

10. Rl = 1 00ft, Vqut = W. Measured from 10% to 90% points for rise/fall 
times; from 50% points of input and output for propagation delay. 

11. R|_ = 400ft, Vqut = 1 0OrnV. 

12. This parameter is not tested. The limits are guaranteed based on lab 
characterization, and reflect lot-to-lot variation. 

13. V| N = ±10V, Vqut^W- 

14. V OUT = ±10V. 

15. V|N = + 10V. Disable = +15V to 0V. Measured from the 50% point of 
Disable to Vqut = 0V. 

16. V|n = + 1 OV, Disable = OV to +15V. Measured from the 50% point of 
Disable to Vqut = 10V - 

1 7. V| N = OV, Force Vqut from ov ,0 ±10V - V*f = 5 0ns. 

18. Measured with a VM700A video tester using a NTC-7 composite VITS. 

1 9. Maximum power dissipation, including output load, must be designed to 
maintain junction temperature below +175°C for ceramic packages, 
and below +150°C for plastic packages. 


File Number 2845 


3-371 


OPERATIONAL 

AMPLIFIERS 






HA-5033 


August 1991 


Video Buffer 


Features 

• Differential Phase Error 0.1 Degree 

• Differential Gain Error 0.1% 

• High Slew Rate 1300V/ps 

• Wide Bandwidth {Small Signal) 250MHz 

• Wide Power Bandwidth DC to 65MHz 

• Fast Rise Time 3ns 

• High Output Drive ±8V With lOOfl Load 

• Wide Power Supply Range ±5V to ±1 6V 

• Replace Costly Hybrids 

Description 

The HA-5033 is a unity gain monolithic I.C. designed for 
any application requiring a fast, wideband buffer. Featuring 
a bandwidth of 250MHz and outsanding differential phase/ 
gain characteristics, this high performance voltage 
follower is an excellent choice for video circuit design. 
Other features, which include a minimum slew rate of 
1000V/|iS and high output drive capability, make the 
HA-5033 applicable for line driver and high speed data 
conversion circuits. 


Applications 

• Video Buffer 

• High Frequency Buffer 

• Isolation Buffer 

• High Speed Line Driver 

• Impedance Matching 

• Current Boosters 

• High Speed A/D Input Buffers 

• For Further Application Ideas, See App. Note 548 


The high performance of this product is a result of the Harris 
Dielectric Isolation process. A major feature of this process 
is that it produces both PNP and NPN high frequency 
transistors which makes wide bandwidth designs, such as 
the HA-5033, practical. Alternative process methods 
typically produce a lower AC performance. 

The HA-5033 is available in a 1 2 pin (TO-8) Metal Can or in 
8 pin Plastic Mini-DIP and SOIC packages. 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 
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Specifications HA-5033 


Absolute Maximum Ratings (Note 1) 

Voltage Between V+ and V- Pins 40V 

Input Voltage Equal to Supplies 

Output Current (Peak) (50ms On/1 Second Off) ±200mA 

Internal Power Dissipation (Note 2) 

TO-8 (4-25°C) 1.75W 

Mini-DIP (4-25°C) 1.95W 


Operating Temperature Ranges 

HA-5033-2 -550C < T A < +1 250C 

HA-5033-5 0°C <T A < 4-75°C 

HA-5033-9 -40°C <T A < 4-850C 

Storage Temperature Range -65°C < T A < +1 50°C 

Maximum Junction Temperature +175°C 

Maximum Junction Temperature (Plastic Packages) +1 50°C 


Electrical Specifications VguPPLY — ±12V, Rs = 50fl, Rl = 100F1, C|_ = 10pF, Unless Otherwise Specified. 



NOTE 10 
HA-5033-9 


INPUT CHARACTERISTICS 


Average Offset Voltage Drift 
Bias Current 



Input Resistance 

Input Capacitance 

Input Noise Voltage (Note 3) 


Voltage Gain 

Ri_ = iooa 

+25°C 

0.93 



0.93 




v/v 

R L = 1kft 

4-25°C 

0.93 

0.99 

- 

0.93 

0.99 

- 

- 

v/v 

Rl = ioo« 

Full 

0.92 

- 

- 

0.92 

- 

- 

- 

v/v 

-3dB Bandwidth 

4-25°C 

- 

250 

- 

- 

250 

- 

- 

MHz 

OUTPUT CHARACTERISTICS 











Output Voltage Swing 

R L = ioon 

R L = 1kn (Note 4) 
Output Current 
Output Resistance 
Full Power Bandwidth 
(Note 5) 

(Note 7) 


TRANSIENT RESPONSE 


RiseTime(Note6) 4 

Propagation Delay 4 

Overshoot 4 

Slew Rate (Note 7) 4 

Settling Time to 0.1% 4 

Differential Phase Error (Note 8) 4 

Differential Gain Error (Note 8) 4 

POWER SUPPLY CHARACTERISTICS 


Full ±8 ±10 

Full ±11 ±12 

4-25°C ±80 ±100 

4-25°C - 5 



±8 

±10 

±11 

±12 

±80 

±100 

- 

5 

_ 

146 

15.9 

“ 



3 

- 

- 

ns 

1 

- 

- 

ns 

10 

- 

- 

% 

1.3 

- 

- 

V/ ns 

50 

- 

- 

ns 

0.1 

- 

- 

Degree 

0.1 

“ 

- 

% 


Supply Current 

4-25°C 


Full 

Power Supply Rejection Ratio 

Full 

Harmonic Distortion (Note 9) 

4-25°C 

NOTES: 



21 

25 

21 

30 

<0.1 

- 



1. Absolute maximum ratings are limiting values, applied individually 
beyond which the serviceability of the circuit may be impaired. Function- 
al operability under any of these conditions is not necessarily implied. 

2. TO-8: 0j a =101°C/W, 0j C = 33°C/W Recommended heat sinks for the 
TO-8: Thermalloy 2240A, 0 sa = 27°C/W, IERC Up-TO-8-48CB, 
0 sa = 10°C/W. Mini-DIP: 0 ja = 91°C/W, 0 sa = 40°C/W. 

3. 10Hz to 1MHz 

4 - ±V SUPPLY = ±1 5V 

5 - v OUT = 1V RMS- r L = 1kn 

6. Vqut = 500mV 

7. ±VsUPPLY = —15V, Vqijj = ±10V, R[_ = Ikfl. 


8. Differential gain and phase error are non-linear signal distortions found 
in video systems and are defined as follows: Differential gain error is 
defined as the change in amplitude at the color subcarrier frequency as 
the picture signal is varied from blanking to white level. Differential phase 
error is defined as the change in the phase of the color subcarrier as the 
picture signal is varied from blanking to white level. Differential gain and 
phase error were too small to be measured with a Tektronix 520A NTSC 
Vector Scope. 

9. V| N = 1V RMS 

10. Typical and minimum specification for the -9 version are the same as 
those for the -5 version. 
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HA-5033 


Operating Instructions 

Layout Considerations 

The wide bandwidth of the HA-5033 necessitates that high 
frequency circuit layout procedures be followed. Failure to 
follow these guidelines can result in marginal performance. 

Probably the most crucial of the RF/video layout rules is the 
use of a ground plane. A ground plane provides isolation 
and minimizes distributed circuit capacitance and 
inductance which will degrade high frequency perform- 
ance. This ground plane shielding can also incorporate the 
metal case of the HA-5033 since pin #2 is internally tied to 
the package. This feature allows the user to make metal to 
metal contact between the ground plane and the package, 
which extends shielding, provides additional heat sinking 
and eliminates the use of a socket, 1C sockets contribute 
inter-lead capacitance which limits device bandwidth and 
should be avoided. 

For the plastic Mini-DIP, pin 6 can be tied to either supply, 
grounded, or simply not used. But to optimize device 


performance and improve isolation, it is recommended that 
this pin be grounded. 

Other considerations are proper power supply bypassing 
and keeping the input and output connections as short as 
possible which minimizes distributed capacitance and 
reduces board space. 

Power Supply Decoupling 

For optimum device performance, it is recommended that 
the positive and negative power supplies be bypassed with 
capacitors to ground. Ceramic capacitors ranging in value 
from 0.01 to 0.1 juF will minimize high frequency variations in 
supply voltage. Solid tantalum capacitors 1 ^F or larger will 
optimize low frequency performance. 

It is also recommended that the bypass capacitors be 
connected close to the HA-5033 (preferably directly to the 
supply pins). 


Test Circuits 

SLEW RATE AND SETTLING TIME TRANSIENT RESPONSE 




SETTLING TIME 


RISE TIME 



500mV 
INPUT 
0V 


OVERSHOOT 



NOTE: Measured on both positive and negative transitions. 


3-374 






OFFSET VOLTAGE (mV) 


HA-5033 



OPERATIONAL 

AMPLIFIERS 









HA-5033 


Typical Performance Curves (Continued) 

SUPPLY CURRENT vs. 

TEMPERATURE vs. SUPPLY VOLTAGE 


SLEW RATE vs. TEMPERATURE 


tV = +15V 
V|N = +10V 


FALL(R|_= IKft) 


A: V+ = +15V V- = -15V 
B: V+ = +12V V- = -12V 
C: V+ = +10V V- = -10V 
D: V+ = +5V V- = -5C 


FALL (Rl = 1 00ft) 
RISE (Rl^Tk^T" 
RISE (Rl = 100ft) 


+25 +75 

TEMPERATURE (OC) 


-55 -25 25 75 

TEMPERATURE (OC) 


SLEW RATE vs. LOAD CAPACITANCE (R L = Ik Cl) 


SLEW RATE vs. LOAD CAPACITANCE (R L = 1000) 


2400 







i v i rv 


\ 


RL= IKft 


\ 


Ta = +25°C 


\ 


V|N = 1 10V 

1200 

w \ 


' 

1000 

\ 

fall 



^ ^ 



600 

RISE 







200 










CAPACITANCE (pF) 


1400 

\ 




\ 




\ 


RL= 100ft 

1000 

\ \ 


Ta = +25QC 


\ \ 




\ \ 




\ 

\FALL 



\ 



600 

RISE 

\ \ 


500 


\\ 


400 


xv 


300 


\X 


200 




100 





100 1000 
CAPACITANCE (pF) 


GAIN ERROR vs. INPUT VOLTAGE 


GAIN ERROR vs. INPUT VOLTAGE 



-10 -8 -6 -4 -2 0 +2 +4 +6 +8 +10 

INPUT VOLTAGE (VOLTS) 



-10 -8 -6 -4 -2 0 2 4 6 

INPUT VOLTAGE (VOLTS) 
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POWER SUPPLY REJECTION RATIO (db) 


HA-5033 
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HA-5033 


Typical Performance Curves (Continued) 


TOTAL HARMONIC DISTORTION vs. RMS INPUT VOLTAGE 


OUTPUT VOLTAGE SWING vs. LOAD RESISTANCE vs. 
SUPPLY VOLTAGE 




z 


z 

Z 

1 

+V = +12V 
R|_= 100J2 







INPUT VOLTAGE (RMS) 


/ Ta = 250C A: +V = +15V -V = -15 V 

H — 1 1 B: +V = +12V -V = -12V _ 

C: +V = +10V -V = -10V 
| P: +V = +5V -V = -5V 

0 100 ZOO 300 400 500 600 700 800 900 IK 

LOAD RESISTANCE (OHMS) 


OUTPUT SWING vs. FREQUENCY* 



1M 10M 

FREQUENCY (Hz) 


MAXIMUM POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 


OUTPUT SWING vs. FREQUENCY* 




15 25 35 45 55 65 75 85 95 105 115 125 

AMBIENT TEMPERATURE (OC) 


1M 10M 

FREQUENCY (Hz) 


• This curve was obtained by noting the output voltage necessary to produce an observable distortion for a given frequency. If higher distortion is acceptable, 
then a higher output voltage for a given frequency can be obtained. 

However, operating the HA-5033 with increased distortion (to the right of curve shown), will also be accompanied by an increase in supply current. The 
resulting increase in chip temperature must be considered and heat sinking will be necessary to prevent thermal runaway. 

This characteristic is the result of the output transistor operation. If the signal amplitude or signal frequency or both are increased beyond the curve shown, 
the NPN, PNP output transistors will approach a condition of being simultaneously on. Under this condition, thermal runaway can occur. 
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Typical Applications (Also See Application Note 548) 


VIDEO COAXIAL LINE DRIVER - 50V SYSTEM 

RS c 

A A A 

+12V 

o 

RG = 58 

V-. 

1 'VVV 

V|N (rU 

S^ioHhj_ 

> 5on 


-12V ' ~ 

4r i 

POSITIVE PULSE RESPONSE 

Ta = +250C, Rq = son, r m = r l = son 


NEGATIVE PULSE RESPONSE 

Ta = +25°C, Rs = son, r m = rl = son 

Vn = V,M ( . R L ) = y 2 V| N 


Vn = V| N ( R L ) = y 2 V| N 

Vr l + R M 7 


Vrl + Rm 7 
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Typical Applications (Continued) 


VIDEO GAIN BLOCK 


VIDEO 
SIGNAL 
INPUT Ri 


VIDEO 

OUTPUT 



Die Characteristics 

Transistor Count 20 

Die Dimensions 50 x 66 x 1 9mils 

(1 270 x 1 660 x 480jjm) 

Substrate Potential* V- 

Process High Frequency Bipolar-DI 

Passivation Nitride 

*The substrate may be left floating (Insulating Die Mount) or it may be 

mounted on a conductor at V- potential. 
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SB HARRIS ha-51 01/51 11 

Low Noise, High Performance 
August 1991 Operational Amplifiers 


Features 

• Low Noise S.SnV/y'Hz at 1kHz 

• Wide Bandwidth 10MHz (Compensated) 

100MHz (Uncompensated) 

• High Slew Rate 10V/|is (Compensated) 

50V/jiS (Uncompensated) 

• Low Offset Voltage Drift 3fiV/0C 

• High Gain 1 xIO 6 V/V 

• High CMRR/PSRR lOOdB 

• High Output Drive Capability 30mA 

Description 

The HA-51 01/51 11 are dielectrically isolated operational 
amplifiers featuring low noise and high performance. Both 
amplifiers have an excellent noise voltage density of 
3.3nV/>/Rz at 1kHz. The uncompensated HA-5111 is 
stable at a minimum gain of 10 and has the same DC speci- 
fications as the unity gain stable HA-51 01 . The difference in 
compensation yields a 100MHz gain-bandwidth product 
and a 50V/fjs slew rate for the HA-51 1 1 versus a 10MHz 
unity gain bandwidth and a 10V/|is slew rate for the 
HA-5101. 

DC characteristics of the HA-5101/5111 assure accurate 
performance. The 0.5mV offset voltage is externally adjust- 
able and offset voltage drift is just 3 jjV/°C. An offset 
current of only 30nA reduces input current errors and an 
open loop voltage gain of 1 x lO^V/V increases loop gain 
for low distortion amplification. 


Pinouts 


Applications 

• High Quality Audio Preamplifiers 

• High Q Active Filters 

• Low Noise Function Generators 

• Low Distortion Oscillators 

• Low Noise Comparators 

• For Further Design Ideas, See App. Note 554 


The HA-5 101/51 1 1 are ideal for audio applications, espec- 
ially low-level signal amplifiers such as microphone, tape 
head and phono cartridge preamplifiers. Additionally, it is 
well suited for low distortion oscillators, low noise function 
generators and high Q filters. 

The HA-51 01 /51 1 1-2 has guaranteed operation from 
-55°C to +125°C and can be ordered as a military grade 
part. The HA-5 101/51 11-5 has guaranteed operation from 
0°C to +75°C. All devices are available in Ceramic Mini- 
DIP and TO-99 Can packages. Additionally, the HA-5101/ 
5111-5 is available in a Plastic Mini-DIP package. 

These devices are also available in SOIC packages in both 
-5 and -9 temperature grades. 


HA3-5101/51 1 1 (PLASTIC MINI-DIP) 
HA7-51 01/51 11 (CERAMIC MINI-DIP) 
HA9P51 01/51 11 (SOIC) 

TOP VIEW 


HA2-51 01/51 11 ( TO-99 METAL CAN) 
TOP VIEW 




V+ 

OUT 

BAL 


*HA-5101 No Connect 
HA-5111 Compensation 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pj| e dumber 2905 

Copyright © Harris Corporation 1 991 
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Specifications HA-5 101/5 111 


Absolute Maximum Ratings (Note 1) 

Ta = +25°C Unless Otherwise Stated 

Voltage Between V+ and V- Terminals 

Differential Input Voltage 

Voltage (at any pin) 


Operating Temperature 

HA-51 01/51 11 -2 -55°C to +1 25°C 

40.0V HA-51 01/5111-5 0°C to +750C 

±7 V HA-5 1 0 1 /5 1 1 1 -9 -40OC to +850C 

■ ±V SUPPLY Storage Temperature -65°C to +1 50°C 


Output Current Full Short Circuit Protection Internal Power Dissipation . 

Junction Temperature +175°C (Derate at 5.3m\ 


(Derate at 5.3mW/°C Above 70°C Ambient) 


Electrical Specifications V+ = +15V, V- = -15V, R§ = loon, Rj_ = 2kft, Cl = 50pF, Unless Otherwise Specified. 


PARAMETER 


INPUT CHARACTERISTICS 


Offset Voltage 

Offset Voltage Drift 
Bias Current 

Offset Current 

Input Resistance 
Common Mode Range 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 2) 

Common Mode Rejection Ratio (Note 3) 

Small Signal Bandwidth 
HA-5101 (Av=1) 

Minimum Stable Gain 
HA-5101 
HA-51 1 1 

Gain Bandwidth Product HA-51 1 1 (A v = 1 0) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 
rl = iok 
Rl = 2K 

(Vpg = ±1 8, Rl — 600) 
Output Current (Note 4) 

Full Power Bandwidth (Note 5) 
HA-5101 
HA-51 1 1 

Output Resistance 
Maximum Load Capacitance 



HA-51 01 -2, -5 
HA-51 11 -2, -5 

TEMP MIN I TYP I MAX 


0.5 3 

4 


100 200 

325 

30 75 

125 


- 

1000K 

100K 

250K 

80 

100 

- 

10 

1 

_ 

10 

- 

- 

100 


HA-51 01 -9 
HA-51 11-9 



1000K 
100K 250K 

80 100 
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Specifications HA-5101/5 111 


Electrical Specifications (Continued) V+ =15V, V- = -15V, Rs = 100, Rl = 2K, Cl = 50pF 

Unless Otherwise Specified. 


PARAMETER 

TEMP 

HA-5101-2, 
HA-51 11 -2, 

-5 

-5 

HA-51 01- 
HA-5111- 

9 

9 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

TRANSIENT RESPONSE (Note 6) 

Rise Time 









HA-5101 

+25°C 

- 

50 

100 

- 

50 

100 

ns 

HA-51 1 1 

+25°C 

- 

30 

60 

- 

30 

60 

ns 

Overshoot 









HA-5101 

+25°C 

- 

20 

35 

- 

20 

35 

% 

HA-51 1 1 

+25°C 

- 

20 

40 

- 

20 

40 

% 

Slew Rate 









HA-5101 

+25°C 

6 

10 

- 

6 

10 

- 

V/ps 

HA-51 1 1 

+25°C 

40 

50 

- 

40 

50 

- 

V/ps 

Settling Time (Note 7) 









HA-5101 0.01% 

- 

- 

2.6 

- 

- 

2.6 

- 

ps 

HA-5111 0.01% 

- 

- 

0.5 

- 

- 

0.5 

- 

ps 

NOISE CHARACTERISTICS (Note 8) 

Input Noise Voltage 

mm 

■ ■ 







f= 10Hz 

9 


7 

17 

- 

7 

17 j 

nV/v/RF 

f = 1kHz 

mm 

1 

3.3 

4.5 

- 

3.3 

4.5 

nV/v/Hz 

Input Noise Current 









f= 10Hz 

+25°C 


5.1 

28 

- 

5.1 

28 

pA/y/Hz 

f= 1kHz 

+25°C 

I I 

1.1 

3 

- 

1.1 

3 

pA/s/nz 

Broadband Noise Voltage f = DC to 30kHz 

+25°C 


0.870 

- 

- 

0.870 

- 

pVrms 

POWER SUPPLY CHARACTERISTICS 

Supply Current HA-51 01/51 1 1 

Full 

- 

4 

6 

- 

4 

7 

mA 

Power Supply Rejection Ratio (Note 9) 

Full 

80 

100 

- 

80 

100 

- 

dB 


NOTES: 


Absolute maximum ratings are limiting values, applied individually, 
beyond which the serviceability of the circuit may be impaired. Functional 
operability under any of these conditions is not necessarily implied. 

VoUT = ±10V, R|_ = 2K. 

V CM = ±10V. 

Output current is measured with Vqut = ±15V with VguppLY = ±1SV. 
Full power bandwidth is guaranteed by equation: 

Slew Rate 

Full power bandwidth = , V pea k = 10V. 

2 nV Peak 


6. Refer to Test Circuits section of the data sheet. 

7. Settling time is measured to 0.01 % of final value for a 1 0V output step, and 
Ay = -10 for HA-5111 and 0.01% of final value for a 10V output step, 
Ay = -1 for HA-5101. 

8. Sample Tested. 

9. Delta VgjjppLY — ±5V. 
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HA-5101/5111 


Test Circuits 

HA-5101 LARGE SIGNAL RESPONSE CIRCUIT HA-5101 SMALL SIGNAL RESPONSE CIRCUIT 

2kft 



HA-51 1 1 LARGE SIGNAL TRANSIENT RESPONSE HA-51 1 1 SMALL SIGNAL TRANSIENT RESPONSE 

Ch. 1 = 2.5V/Div. Ch. 1 = lOOmV/Div. 

Timebase = 200ns/Div. Timebase = lOOns/Div. 



HA-5101 LARGE SIGNAL TRANSIENT RESPONSE HA-5101 SMALL SIGNAL TRANSIENT RESPONSE 

Ch. 1 = 2.5V/Div. Ch. 1 = 50mV/Div. 

Timebase = I.OOps/Div. Timebase = lOOns/Div. 



HA-5111 LARGE AND SMALL SIGNAL RESPONSE CIRCUIT 


SETTLING TIME CIRCUIT 



• A v = -1 (HA-5101), *A v = -10 (HA-5111) 

• Feedback and summing resistors should be 0.1% matched. 

• Clipping diodes are optional, HP5082-2810 recommended. 





HA-51 01 /5 111 


Typical Performance Curves 

HA-51 01/1 1 NOISE SPECTRUM OFFSET VOLTAGE vs. TEMPERATURE 



PEAK-TO-PEAK NOISE 0.1Hz to 10Hz 

Ay = 25000 V C C = ±15V 
(2.25pVp-p RTO) 




SLEW RATE/RISE TIME vs. TEMPERATURE 

R|_ = 2K, C L = 50pF, V CC = ±1 5V 




PEAK-TO-PEAK TOTAL NOISE 0.1Hz to 1MHz 

Ay = 25000, V CC = ±1 5V 
(1 2.89mVp-p RTO) 
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INPUT BIAS CURRENT vs. TEMPERATURE 
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VOLTAGE GAIN (dB) 


HA-5101/5111 
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HA-51 01 /5 111 


Typical Performance Curves (Continued) 

HA-5101 CLOSED-LOOP GAIN AND PHASE 
AT HIGH AND LOW TEMPERATURE 

(Typical Response Of One Amplifier) 

V CC = ±1 5V, AV = 1 V/V, Rl = 2K, C L = 50pF 
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FREQUENCY (Hz) 


HA-5111 REJECTION RATIOS vs. FREQUENCY 

T A = +25°C, V CC = ± 15V 



10K 100K 

FREQUENCY (Hz) 


HA-5101 CLOSED-LOOP VOLTAGE GAIN vs. FREQUENCY 
AT DIFFERENT CLOSED-LOOP GAINS 

T A = +25°C, Vqc = ±15V, R L = 2K, Cl = 50pF 
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HA-5101 REJECTION RATIOS vs. FREQUENCY 

T A = +25°C, Vqc = ±1 5V 


FREQUENCY (Hz) 


HA-5111 SETTLING WAVEFORM 500ns/DIV. 


HA-5101 SETTLING WAVEFORM 1.5us/DIV. 
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HA-5101/5111 


Applications Information 

Operation At ±5V Supply 

The HA-51 01 /II performs well at V G c ~ ±5V exhibiting 
typical characteristics as listed below: 

ICC 3.7 mA 

V|q 0.5 mA 

•BIAS 53 nA 

a VOL (Vo = ±3V) 106 KV/V 

V 0 UT 3.7 V 

lOUT 13 mA 

CMRR (AV GM = ±2.5V) 90 dB 

PSRR (AV CC = 0.5V) 90 dB 

Unity Bandwidth (51 01) 10 MHz 

GBW(5111) 100 MHz 

Slew Rate (51 01) 7 V/ps 

Slew Rate (51 11) 40 V/ps 

Offset Adjustment 

The following is the recommended V|Q adjust configuration: 


Input Protection 

The HA-5101/11 has built-in back-to-back protection 
diodes which will limit the differential input voltage to 
approximately 7V. If the 5101/1 1 will be used in conditions 
where that voltage may be exceeded, then current limiting 
resistors must be used. No more than 25mA should be 
allowed to flow in the HA-5101/1 1’s input. 

Comparator Circuit 


AV, n r LIM 2 VO 

o vs* ^trN 

Av, n r lim 3 ^ fTi 




Choose RLIM Such That: 


(AV| N MAX -7V) 


Output Saturation 

When an op amp is overdriven, output devices can saturate 
and sometimes take a long time to recover. Saturation can 
be avoided (sometimes) by using circuits such as: 


Rp = 100K 


* Proper decoupling is always recommended, 0.1 pF high quality capacitor 
should be at or very near the devices’s supply pins. 

Compensation 

An external compensation capacitor can be used with the 
HA-51 1 1 connected between pin 8 and ground (or V-, V+ 
not Recommended). A plot of gain bandwidth product vs. 
compensation capacitor has been included as a design aid. 
The capacitor should be a high frequency type mounted 
near the device leads to minimize parasitics. 




If saturation cannot. be avoided the HA-5101/11 recovers 
from a 25% overdrive in about 6.5|js (see photos). 


1 10 100 
COMPENSATION CAPACITANCE (nF) 
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Applications Information (Continued) 


TOP: Input 

BOTTOM: Output, 5V/Div., 2ps/Div. 



Output is overdriven negative and recovers in 6ns. 


Die Characteristics 


Transistor Count 


54 


Die Dimensions 69 x 69 x 19 mils 

(1800 x 1800 x 480jjm) 


Substrate Potential* 


V- or Float 

Process 


Bipolar Dl 

Thermal Constants (°C/W) 

6ja 

0 jc 

HA2-5101/51 1 1 (-2/-5/-7) 

192 

52 

HA2-51 01/51 11 (/883) 

158 

48 

HA3-5101/51 1 1 (-5) 

80 

29 

HA7-51 01/51 1 1 (-2/-5/-7) 

190 

102 

HA7-51 01/51 11 (/883) 

136 

61 

HA9P51 01/51 11 (—5/— 9) 

160 

42 


* The Substrate may be left floating (Insulating Die Mount) or it may be 
mounted on a conductor at V- potential. 
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HA-5101/5111 





21 Harris HA - 5 1 02 / 04 / 12/14 


Low Noise High Performance 
August 1991 Operational Amplifiers 


Features 

• Low Noise 4.3nV/x/Hz 

*> Wide Bandwidth 8MHz (Compensated) 

60MHz (Uncompensated) 

• High Slew Rate 3V/ps (Compensated) 

20V/ ps (Uncompensated) 

• Low Offset Voltage 0.5mV 

° Available in Duals or Quads 

Description 

Low noise and high performance are Key words describing 
HA-5102/04/1 2/1 4. These general purpose amplifiers offer 
an array of dynamic specifications ranging from a 3V/|js 
slew rate and 8MHz bandwidth (5102/04) to 20V/jjs slew 
rate and 60MHz gain-bandwidth-product (HA-5112/14). 
Complementing these outstanding parameters is a very low 
noise specification of 4.3nV/ v /Hz at 1kHz. 

Fabricated using the Harris high frequency Dl 
process, these operational amplifiers also offer excellent 
input specifications such as a 0.5 mV offset voltage and 
30nA offset current. Complementing these specifications 
are 108dB open loop gain and 108dB channel separation. 
Consuming a very modest amount of power (90mW/ 
package for duals and 150mW/package for quads), 
HA-5 102/04/1 2/1 4 also provide 15mA of output current. 

Pinouts 

HA3-51 02/51 12 (PLASTIC MINI-DIP) 


Applications 

• High Q, Active Filters 
° Audio Amplifiers 

• Instrumentation Amplifiers 

• Integrators 

® Signal Generators 

• For Further Design Ideas, See App. Note 554. 


This impressive combination of features make this series of 
amplifiers ideally suited for designs ranging from audio 
amplifiers and active filters to the most demanding signal 
conditioning and instrumentation circuits. 

These operational amplifiers are available in dual or quad 
form with industry standard pinouts allowing for immediate 
inter-changeability with most other dual and quad 
operational amplifiers. 

HA-5102 Dual, Comp. HA-5104 Quad, Comp. 

HA-5112 Dual, Uncomp. HA-5114 Quad, Uncomp. 

Each of these products are available in -2 (-55°C to 
+1 25°C), -5 (0°C to +75°C), -9 (-40OC to +850C) 
or /883 grades. Refer to the /883 data sheet for military 
product. 


l7-5102/5112 (CERAMIC MINI-DIP) 
TOP VIEW 


out[T 

-IN 1 [T 
4- IN 1 IT 

v - [T 


ID v+ 

~T\ OUT 2 
~6~1 -IN 2 

H+.N2 


HA2-51 02/51 12 (TO-99 METAL CAN) 
TOP VIEW 



HA9P51 02/51 12 (SOIC) 
TOP VIEW 


-IN 1 [T 

HN 1 [jf 
NC [T 
V- [T 
NC [T 
HN 2 [j[ 
-IN 2 [T 
NC [T 


— I | 2®] OUT 1 




NC 
u] NC 

m v+ 

T?) NC 

HI NC 

To] OUT 2 
T| NC 


HA9P51 04/51 14 (SOIC) 
TOP VIEW 


OUT 1 [T 
-in 1 QT 


- |N1 LihKj L4rHj 

+ in 1 ■ 

v+ [T T3] v - 

+IN2 E-i|v +IN3 

-in 2 |IjP| pskjll -in 3 

OUT 2 [T -J I— To] OUT 3 

NC [T T] NC 


HA1 -51 04/51 14 (CERAMIC DIP) 
HA3-51 04/51 14 (PLASTIC DIP) 
TOP VIEW 


OUT 1 Qt 


v+ m 


OUT 2 [Tt - 


L 

J 



J>1 

2 

a 

3 


OUT 4 
p]T] -IN 4 
L T2] + IN 4 

TT| v - 

+ IN 3 
-IN 3 
|T] OUT 3 




CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pj| e [\Jumfoer 292S 

Copyright © Harris Corporation 1991 



3-391 


OPERATIONAL 

AMPLIFIERS 




Specifications HA-5102/04/12/14 


Absolute Maximum Ratings (Note 1) 


Operating Temperature Ranges 


Ta = +25°0 Unless Otherwise Stated 


HA-5102/5104/5112/5114-2 - 

-55°C < Ta < +1 25°C 

Voltage Between V+ and V- Terminals 

. . . 40.0V 

HA-5102/5104/5112/5114-5 

-0°C < T A < +75°C 

Differential Input Voltage 

±7V 

HA-5102/5104/5112/5114-9 

, -40°C < T A < +85°C 

Input Voltage (Note 2) 

. . ±15.0V 

Storage Temperature Range - 

-65°C < T a < +1 50°C 

Output Short Circuit Duration (Note 3) 

Indefinite 



Power Dissipation (Note 4) 

. 880mW 



Electrical Specifications V+ = 15V D.C., V- 

= -15V D.C., Unless Otherwise Specified 




INPUT CHARACTERISTICS 


Offset Voltage 

Offset Voltage Average Drift 
Bias Current 


Input Resistance 
Common Mode Range 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain 
(Note 5) 

Common Mode Rejection Ratio 
(Note 6) 

Small Signal Bandwidth 
HA-51 02/51 04 (A v = 1) 

Gain Bandwidth Product 
HA-51 12/511 4 (A v = 10) 

Channel Separation (Note 7) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 
(R L = 10K) 

(R L = 2K) 

Output Current (Note 8) 

Full Power Bandwidth (Note 9) 

HA-5102/5104 

HA-5112/5114 

Output Resistance 


STABILITY 



Minimum Stable Closed Loop Gain 




HA-5102/5104 

Full 

1 


HA-5112/5114 

Full 

10 
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Specifications HA-5102/04/12/14 




Electrical Specifications (Continued) V+ = 15V D.C., V- = -15V D.C., Unless Otherwise Specified 







Overshoot 

HA-5102/5104 

HA-5112/5114 

Slew Rate 
HA-5102/5104 
HA-5112/5114 

Settling Time (Note 1 1 ) 
HA-5102/5104 
HA-5112/5114 


NOISE CHARACTERISTICS 


Input Noise Voltage (Note 1 2) 
f= 10Hz 
f = 1 kHz 

Input Noise Current (Note 1 2) 
f =10Hz 
f = 1 kHz 

Broadband Noise Voltage 
f = DC to 30kHz 


POWER SUPPLY CHARACTERISTICS 



9 17 

4.3 6.0 


5.1 12 

0.57 3 


17 nV/v/Hz 
6.0 nV/^/Hz 

5.1 12 pA/^/Hz 
0.57 3 pA/v/Hz 


Supply Current 

HA-5102/5112 

+25°C 

HA-5104/5114 

+25°C 

Power Supply Rejection Ratio 

Full 

(Note 6) 




NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, 
beyond which the serviceability of the circuit may be impaired. Function- 
al operability under any of these conditions is not necessarily implied. 

2. For supply voltages < ±15V, the absolute maximum input voltage is 
equal to the supply voltage. 

3. Any one amplifier may be shorted to ground indefinitely. 

4. Derate 9.6mW/°C above T A = +25°C. 

5. v OUT = ±10V, R L = 2K 

6 - V CM = ±5 ° V 

7. Channel separation value is referred to the input of the amplifier. Input 
test conditions are: f = 10kHz; V|n = 200mV peak to peak; Rs = Ikfi. 
(Refer to Channel Separation vs. Frequency Curve for test circuits.) 


8. Output current is measured with Vqut = ±5 V- 

9. Full power bandwidth is guaranteed by equation: 

_ „ , . . ... Slew Rate 

Full power bandwidth 

2jt Vpeak 

10. Refer to Test Circuits section of the data sheet. 

11. Settling time is measured to 0.1% of final value for a 1 volt input step, 
and Ay = -10 for HA-5112/5114, and a 10 volt input step, 

Ay = -1 for HA-5102/5104. 

12. Sample tested. 
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HA-5102/04/12/14 


Test Circuits 

LARGE SIGNAL RESPONSE CIRCUIT 

Volts: 5V/Div., Time: 5ps/Div. (Ay = -1) 
HA-5102/5104 


2k& 




SMALL SIGNAL RESPONSE CIRCUIT 

Volts: 40mV/Div., Time: 50ns/Div. (Av = +1) 
HA-5102/5104 




LARGE AND SMALL SIGNAL RESPONSE CIRCUIT 

HA-5112/5114 (A V = +10) 
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+0.5V 
0 V 

-0.5V 
+5V 
0V 
-5 V 


Volts: Input A: 0.5V/Div., Output B: 5V/Div. 
Time: 50ns/Div. 



Volts: Input A: 0.01V/Div. f Output B: 50mV/Div. 
Time: 50ns/Div. 


SETTLING TIME CIRCUIT 



• Clipping diodes are optional, HP5082-2810 recommended. 


3-394 





HA-5102/04/12/14 



3-395 


OPERATIONAL 

AMPLIFIERS 









HA-5102/04/12/14 





HA-5102/04/12/14 






HA-5102/04/12/14 


Typical Performance Curves (Continued) 

HA-5104/02 UNITY GAIN FREQUENCY RESPONSE 

Vqc = ±15V, R L = 2K, Cl = 50pF 


HA-5112/14 FREQUENCY RESPONSE 
a VCL = 10, Ta = +25°C, R L = 2K, Cl = 50pF 
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OPEN LOOP GAIN vs. FREQUENCY 

Vqc = ±15V, Rl = 2K, Cl = 50pF, T A = +25QC 


SMALL SIGNAL OVERSHOOT vs. CLOAD 

Vqq = ±1 5 V, T A = +25°C, Rl = 2K 



< 1 00 K 1M 

FREQUENCY (Hz) 



LOAD CAPACITANCE (pF) 


SLEW RATE vs. TEMPERATURE 

R L = 2K, C L = 50pF, Vqq = ±1 5V 


RISE TIME vs. TEMPERATURE 

R L = 2K, C L = 50pF, Vqq = ±1 5V 









HA-5102/04/12/14 


Simplified Schematic 



Die Characteristics 

Transistor Count 

HA-5102/5112 93 

HA-5104/5114 175 

Die Dimensions 

HA-51 02/51 12 98.4 x 67.3 x 1 9 mils 

(2500 x 171 Ox 480pm) 

HA-5104/5114 99.6x95.3x19 mils 

(2530 x 2420 x 480pm) 

Substrate Potential* V- 

Process Bipoiar-DI 

Passivation Nitride 

*The substrate may be left floating (Insulating Die Mount) or it may be 

mounted on a conductor at V- potential. 


lermal Constants (°C/W) 

6ja 

6jc 

HA1-5104 (-2, -5, -7) 

103 

35 

HA1-5104(/883) 

78 

25 

HA2-51 02/51 12 (-2, -5, -7) 

174 

48 

HA2-51 02/511 2 (/883) 

134 

40 

H A3-51 02/51 1 2 (-5) 

80 

20 

HA3-51 04/51 1 4 (-5) 

75 

23 

HA7-51 02/51 1 2 (-2, -5, -7) 

163 

82 

HA7-51 02/51 12 (/883) 

124 

47 

HA9P51 02/51 12 

160 

42 

HA9P5 104/51 14 

94 

26 
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August 1991 


HA-5127 

Ultra-Low Noise Precision 
Operational Amplifier 


Features 

• Highspeed lOV/ps 

• Wide Unity Gain Bandwidth 8.5MHz 

• Low Noise 3nV/>/Hzat IKHz 

• Low VOS lOjaV 

• High CMRR 126dB 

• High Gain 1 800V/mV 

Description 


The HA-5127 monolithic operational amplifier features an 
unparalleled combination of precision DC and wideband high 
speed characteristics. Utilizing the Harris D. I. technology and 
advanced processing techniques, this unique design unites 
low noise (3nV/^/Hz) precision instrumentation performance 
with high speed (1 OV/[is) wideband capability. 

This amplifier’s impressive list of features include low 
VQS (10pV), wide unity gain-bandwidth (8.5MHz), high 
open loop gain (1800V/mV), and high CMRR (126dB). 
Additionally, this flexible device operates over a wide 
supply range (±5V to ±20V) while consuming only 140mW 
of power. 


App/ications 

• High Speed Signal Conditioners 

• Wide Bandwidth Instrumentation Amplifiers 

• Low Level Transducer Amplifiers 

• Fast, Low Level Voltage Comparators 

• Highest Quality Audio Preamplifiers 
° Pulse/RF Amplifiers 


Using the HA-5127 allows designers to minimize errors 
while maximizing speed and bandwidth. 

This device is ideally suited for low level transducer signal 
amplifier circuits. Other applications which can utilize the 
UA-5127’s qualities include instrumentation amplifiers, 
pulse amplifiers, audio preamplifiers, and signal conditioning 
circuits. 

This device can easily be used as a design enhancement by 
directly replacing the 725, OP25, OP06, OP07, OP27 and 
OP37. The HA-5127 is available in TO-99 Metal Can and 
Ceramic 8 pin Mini-DIPs. For the military grade product, 
refer to the HA-5127/883 data sheet. 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications HA-5127 


Absolute Maximum Ratings (Notei) 

T/\ = +25°C Unless Otherwise Stated 

Voltage Between V+ and V- Terminals ±22V 

Differential Input Voltage (Note 2) ±0.7V 

Internal Power Dissipation 500mW 

Output Current Full Short Circuit Protection 


Operating Temperature Ranges 

HA-51 27/27A-2 -55°C < Ta < +1 25°C 

HA-51 27/27A-5 CPC < T A < +75°C 

Storage Temperature Range -65°C < Ta < +1 50°C 

Maximum Junction Temperature +175°C 


Electrical Specifications v+ = isv, v- = -isv, Cl < sopF, r s < loon 


PARAMETER 

TEMP 

HA-51 27A 

HA-5127 

UNITS 

MIN 

TYP 

MAX 



MAX 

INPUT CHARACTERISTICS | 

Offset Voltage 

+25°C 

- 

10 

25 

- 

30 

100 

FV 


Full 

- 

30 

60 

- 

70 

300 

mV 

Average Offset Voltage Drift 

Full 

- 

0.2 

0.6 

- 

0.4 

1.8 

nV/°C 

Bias Current 

+25°C 

- 

±10 

±40 

- 

±15 

±80 

nA 


Full 

- 

±20 

±60 

- 

±35 

±150 

nA 

Offset Current 

+25°C 

- 

7 

35 

- 

12 

75 

nA 


Full 

- 

15 

50 

- 

30 

135 

nA 

Common Mode Range 

Full 

±10.3 

±11.5 

- 

±10.3 

±11.5 

- 

V 

Differential Input Resistance (Note 3) 

+25°C 

1.5 

6 

- 

0.8 

4 

- 

MO 

Input Noise Voltage 0.1 Hz to 1 0Hz (Note 4) 

+25°C 

- 

0.08 

0.18 

- 

0.09 

0.25 

MVp-p 

Input Noise Voltage Density (Note 5) fg = 1 0Hz 

+25°C 

- 

3.5 

5.5 

- 

3.8 

8.0 

nV/\/Hz 

f 0 = 30Hz 


- 

3.1 

4.5 

- 

3.3 

5.6 

nV/v/Hz 

fg = 1000Hz 


- 

3.0 

3.8 

- 

3.2 

4.5 

nV/x/Hz 

Input Noise Current Density (Note 5) fg = 1 0Hz 

+25°C 

- 

1.7 

4.0 

- 

1.7 

- 

pA/i/Hz 

fg = 30 Hz 


- 

1.0 

2.3 

- 

1.0 

- 

pA/v/Hz 

fg = 1000Hz 


- 

0.4 

0.6 

- 

0.4 

0.6 

pA/s/Hz 

TRANSFER CHARACTERISTICS | 

Large Signal Voltage Gain (Note 7) 

+25°C 

1000 

1800 

- 

700 

1500 

- 

V/mV 


Full 

600 

1200 

- 

300 

800 

- 

V/mV 

Common Mode Rejection Ratio (Note 7) 

Full 

114 

126 

- 

100 

120 

- 

dB 

Minimum Stable Gain 

+25°C 

1 

- 

- 

1 

- 

- 

V/V 

Unity-Gain-Bandwidth 

+25°C 

5 

8.5 

- 

5 

8.5 

- 

MHz 

OUTPUT CHARACTERISTICS | 

Output Voltage Swing R[_ = 600fl 

+25°C 

±10.0 

±11.5 

- 

±10.0 

±11.5 

- 

V 

R|_= 2KO 

Full 

±11.7 

±13.8 

- 

±11.4 

±13.5 

- 

V 

Full Power Bandwidth (Note 8) 

+25°C 

111 

160 

- 

111 

160 

- 

kHz 

Output Resistance, Open Loop 

+25°C 

- 

70 

- 

- 

70 

- 

Cl 

Output Current 

+250C 

16.5 

25 

- 

16.5 

25 

- 

mA 

TRANSIENT RESPONSE (Note 9) | 

Rise Time 

+25°C 

_ 

_ 

150 

_ 

- 

150 

ns 

Slew Rate (Note 11) 

+25°C 

7 

10 

- 

7 

10 

- 

V/jis 

Settling Time (Note 1 0) 

+25°C 

- 

1.5 

- 

- 

1.5 

- 

MS 

Overshoot 

+25°C 

- 

20 

40 

- 

20 

40 

% 

POWER SUPPLY CHARACTERISTICS | 

Supply Current 

+25°C 

- 

3.5 

- 

- 

3.5 

- 

mA 


Full 

- 

- 

4.0 

- 

- 

4.0 

mA 

Power Supply Rejection Ratio (Note 1 2) 

Full 

- 

2 

4 

- 

16 

51 

nv/v 


NOTES: 


1 . Absolute maximum ratings are limiting values, applied individually, be- 
yond which the serviceability of the circuit may be impaired. Functional 
operability, under any of these conditions is not necessarily implied. 

2. For differential input voltages greater than 0.7 V, the input current must be 
limited to 25mA to protect the back-to-back input diodes. 

3. This parameter value is based upon design calculations. 

4. Refer to Typical Performance section of the data sheet. 

5. Sample tested. 

6. Vqut = ±10V, R L = 2KH 


7- V CM = ±10V 

8. Full power bandwidth guaranteed based on slew rate measurement 
using: FPBW = Slew Rate 

2n V PEAK 

9. Refer to Test Circuits section of the data sheet. 

1 0. Settling time is specified to 0.1 % of final value for a 1 0V output step and 
A V = -1 . 

11. v 0 ut = iov step 

12. V s = ±4V to ±18V 
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INPUT NOISE VOLTAGE (uV p-p) 


Typical Performance Curves unless otherwise specified: t a = +25°c, v S upply = ±isv 

OFFSET VOLTAGE TYPICAL DRIFT vs. TEMPERATURE NOISE CHARACTERISTICS 



TEMPERATURE («C) 


NOISE vs. SUPPLY VOLTAGE 



SUPPLY VOLTAGE ( ± VOLTS D.C.) 


OFFSET VOLTAGE DRIFT vs. TIME 



FREQUENCY (Hz) 


CMRR vs. FREQUENCY 



FREQUENCY (Hz) 


OFFSET VOLTAGE WARM UP DRIFT 



CURRENT NOISE (pA//Hz) 






AVOL (100KV/V AND VoUT (VOLTS) 



SUPPLY CURRENT vs. TEMPERATURE 







HA-5127 
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PHASE SHIFT (DEGREES) 





HA-5127 



Typical Performance Curves unless otherwise specified: t a = + 2500 , v S upply = ±isv 

SUGGESTED OFFSET VOLTAGE ADJUSTMENT 


Tested Offset Adjustment Range is IVqs +1mV I minimum 
referred to output. Typical range is ±4mV with Rj = 10kD. 


LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUITS 


2oon 


SMALL SIGNAL RESPONSE 


LARGE SIGNAL RESPONSE 


Vertical Scale: (Volts: lOOmV/Div.) 
Horizontal Scale: (200ns/Div.) 


Vertical Scale: (Volts: Input = 0.5V/Div.) 

(Output = 5V/Div.) 
Horizontal Scale: (Time = 1 ps/Div.) 
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HA-5127 


Typical Performance Curves unless otherwise specified: t a = +2500, v S upply = ±isv 

SETTLING TIME TEST CIRCUIT 



HP5082-281 0 recommended 


SUGGESTED STABILITY CIRCUITS 




Low resistances are preferred for low noise applications as a IKfi resistor has ArN/^/Hz of thermal noise. Total 
resistances of greater than 10KTI on either input can reduce stability. In most high resistance applications, a few ■ 
picofarads of capacitance across the feedback resistor will improve stability. 
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HA-5127 


0.1Hz TO 10Hz NOISE WITH A CL = 25.000V/V 



Horizontal Scale = Isec/Div. 
Vertical Scale = 0.002jiV/Div. 
0.08nVp-p 


Die Characteristics 


Transistor Count 63 

Die Dimensions 65x 1 04.3 x 1 9 mils 

(1700pm x 2600pm x 480pm) 

Substrate Potential* V- 

Process Bipolar-DI 

Thermal Constants (°C/W) 0j a 0j C 

HA7-51 27 Ceramic Mini-DIP 160 79 

HA2-51 27 TO-99 Metal Can 1 72 48 

*The substrate may be left floating (Insulating Die Mount) or it may be 
mounted on a conductor at V- potential. 
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HA-5130/35 


August 1991 


Precision Operational Amplifier 


Features 

• Low Offset Voltage 1 OjjV 

• Low Offset Voltage Drift 0.4nV/oc 

• Low Noise 9nVy\/Hz 

• Open Loop Gain 1 40dB 

• Unity Gain Bandwidth 2.5MHz 

• All Bipolar Construction 

Description 

The Harris HA-5130/5135 are precision operational 
amplifiers manufactured using a combination of key 
technological advancements to provide outstanding input 
characteristics. 

A Super Beta input stage is combined with laser trimming, 
dielectric isolation and matching techniques to produce 
25pV (Maximum) input offset voltage and 0.4(iV/°C input ' 
offset voltage average drift. Other features enhanced by this 
process include 9nV/y/Rz (Typ.) Input Noise Voltage, 1 nA 
Input Bias Current and 140dB Open Loop Gain. 

These features coupled with 120dB CMRR and PSRR 
make HA-5130/5135 an ideal device for precision DC 


Applications 

• High Gain Instrumentation 

• Precision Data Acquisition 

• Precision Integrators 

• Biomedical Amplifiers 

• Precision Threshold Detectors 


instrumentation amplifiers. Excellent input characteristics in 
conjunction with 2.5MHz bandwidth and 0.8V/|iS slew rate, 
make this amplifier extremely useful for precision 
integrator and biomedical amplifier designs. These 
amplifiers are also well suited for precision data acquisition 
and for accurate threshold detector applications. 

HA-5130/5135 is packaged in an 8 pin (TO-99) Metal Can 
and an 8 lead Cerdip and is pin compatible with many 
existing op amp configurations. It offers added features 
over the industry standard OP-07 in regards to bandwidth 
and slew rate specifications. For the military grade 
product, refer to the HA-5135/883 data sheet. 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2907 
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Specifications HA-5130/5135 



Absolute Maximum Ratings (Notei) 

T A = +25°C Unless Otherwise Stated 

Voltage Between V+ and V- Terminals 40.0V 

Differential Input Voltage ±15.0V 

Output Short Circuit Duration Indefinite 

Power Dissipation (Note 2) 300mW 

Electrical Specifications v+ = +isv, v- = -isv 



Operating Temperature Ranges 

HA-5130/5135-2 -55°C <T A < +125°C 

HA-5130/5135-5 0°C<T A <+75OC 

Storage Temperature Range -65°C < T A < +1 50°C 


HA-51 35-2/-5 




INPUT CHARACTERISTICS 

Offset Voltage +25°C 

Full 

Average Offset Voltage Drift Full 

Bias Current +25°C 

Full 

Bias Current Average Drift Full 

Offset Current +25°C 

Full 

Offset Current Average Drift Full 

Common Mode Range Full 

Differential Input Resistance +25°C 

Input Noise Voltage 0.1 Hz to 1 0Hz (Note 3) +25°C 

Input Noise Voltage Density (Note 3) +25°C 

f 0 = 10Hz 
f 0 = 100Hz 
f 0 = 1000Hz 

Input Noise Current 0.1 Hz to 1 0Hz (Note 3) +25°C 

Input Noise Current Density (Note 3) +25°C 

f 0 = 10Hz 
f 0 = 100Hz 
f 0 = 1000Hz 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 4) 

Common Mode Rejection Ratio (Note 5) 
Closed Loop Bandwidth (A\/CL = +1 ) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 6) 

Full Power Bandwidth (Note 7) 
Output Current (Note 8) 
Output Resistance (Note 8) 


TRANSIENT RESPONSE (Note 1 0) 


Rise Time 
Slew Rate 

Settling Time (Note 11) 


POWER SUPPLY CHARACTERISTICS 


Supply Current Full I 

Power Supply Rejection Ratio (Note 1 2) Full | 1( 

NOTES: 

1. Absolute maximum ratings are limiting values, applied individually 
beyond which the serviceability of the circuit may be impaired. Funtional 
operability under any of these conditions is not necessarily implied. 

2. Derate at 6.8mW/°C for operation at ambient temperatures above +75°C. 

3. Not tested. 90% of units meet or exceed these specifications. 

4. v OUT = ±1 OV; Rl = 2K. Gain dB = 20 log! 0 Av 

120dB = 1 MV/V 
140dB = 10MVA/ 

5. V CM = ±10V DC 

6. Rl = 600Q. 



+25°C ±10 

Full ±10 

+25°C 8 

+25°C ±15 

+25°C 


10 

25 

50 

60 

0.4 

0.6 

±1 

±2 

- 

±4 

0.02 

0.04 

- 

2 

- 

4 

0.02 

0.04 

30 

- 

- 

0.6 

13.0 

18.0 

10.0 

13.0 

9.0 

11.0 

15 

30 

0.4 

0.8 

0.17 

0.23 

0.14 

0.17 


1 8.0 nV/^/Hz 

13.0 nV/v 7 Hz 

1 1 .0 nV/\/Hz 

30 pAp-p 

0.8 pA/v/Hz 

0.23 pA/yTiz 

0.17 pA/v/Hz 



7. Rl = 2K; Full power bandwidth guaranteed based on slew rate 
measurement using FPBW = SLEW RATE 

2n V PEAK 

8- V 0 UT = 10V 

9. Output resistance measured under open loop conditions (f = 100Hz). 

10. Refer to test circuits section of the data sheet. 

1 1 . Settling time is measured to 0.1 % of final value for a 1 0V output step and 
Ay = -1. 

12. VgUPPLY = ±5V DC to ±20 V DC. 


3-409 


OPERATIONAL 

AMPLIFIERS 



























HA-5130/5135 


Test Circuits 


SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT 


±_ 


T 


-O OUT 


2S t 100pF 


SMALL SIGNAL RESPONSE 

Vertical Scale: (Volts: 50mV/Div. Output) 
(Volts: 1 0OmV/Div. Input) 
Horizontal Scale: (Time: 1 |i/sDiv.) 



OV 


OV 


5 


LARGE SIGNAL RESPONSE 

Vertical Scale: (Volts: 5V/Div.) 
Horizontal Scale: (Time: 5ps/Div.) 



OV 


OV 


SETTLING TIME CIRCUIT 



2kH 
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HA-5130/5135 


Typical Performance Curves 

INPUT OFFSET VOLTAGE, INPUT BIAS AND 
OFFSET CURRENT vs. TEMPERATURE 


INPUT BIAS CURRENT vs. DIFFERENTIAL INPUT VOLTAGE 



TEMPERATURE (°C) 



HA-5130 OFFSET VOLTAGE STABILITY vs. TIME 


INPUT NOISE vs. FREQUENCY 
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CONDITIONS: 
i/SUPPLY = +15V 

Tc = ±10C 
\M = 1000 
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OPEN LOOP FREQUENCY RESPONSE 



FREQUENCY (Hz) 
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OUTPUT VOLTAGE SWING (VOLTS P P) CLOSED LOOP GAIN. (dB) 


HA-5130/5135 


Typical Performance Curves (Continued) 

CLOSED LOOP FREQUENCY RESPONSE SMALL SIGNAL BANDWIDTH AND 

FOR VARIOUS CLOSED LOOP GAINS PHASE MARGIN vs. LOAD CAPACITANCE 





MAXIMUM OUTPUT VOLTAGE SWING vs. 
LOAD RESISTANCE AND SUPPLY VOLTAGE 



1 10 100 IK 10K 


LOAD RESISTANCE (OHMS) 


NORMALIZED AC PARAMETERS vs. SUPPLY VOLTAGE 



UNITY BANDWIDTH (MHz) 






HA-5130/5135 


Typical Performance Curves (Continued) 


CMRR vs. FREQUENCY 



100 IK 

FREQUENCY (Hz) 


PSRR vs. FREQUENCY 



100 IK 

FREQUENCY (Hz) 


SETTLING TIME FOR VARIOUS OUTPUT STEP VOLTAGES 



0 2 4 6 8 10 12 14 16 

SETTLING TIME (/is) 


POWER SUPPLY CURRENT vs. 
TEMPERATURE AND SUPPLY VOLTAGE 


+1.4 

_ ±1.2 
< 

E 

r p 

VS=+20V | 

VS-+15V 

H ±10 
Z 

UJ 

“jT %s~= + iov 

DC 

3 

° +6 

Vs = 

+5V 

-i 

a. 

+ A 



3 T.4 

CO 

±.2 





) +40 +80 

TEMPERATURE (OC) 


Applying the HA-5130/5135 Operational Amplifiers 


1 . POWER SUPPLY DECOUPLING: Although not absolutely 
necessary, it is recommended that all power supply lines 
be decoupled with 0.01 fiF ceramic capacitors to ground. 
Decoupling capacitors should be located as near to the 
amplifier terminals as possible. 

2. CONSIDERATIONS FOR PROTOTYPING: The following 
list of recommendations are suggested for prototyping. 

• Resolving low level signals requires minimizing 
leakage currents caused by external circuitry. Use of 
quality insulating materials, thorough cleaning of 
insulating surfaces and implementation of moisture 
barriers when required is suggested. 

• Error voltages generated by theromocouples formed 
between dissimilar metals in the presence of tempera- 
ture gradients should be minimized. Isolation of low 
level circuity from heat generating components is 
recommended. 

• Shielded cable input leads, guard rings and shield driv- 
ers are recommended for the most critical applications. 


3. When driving large capacitive loads (> 500pF), a small 
value resistor (» 50H) should be connected in series 
with the output and inside the feedback loop. 

4. OFFSET VOLTAGE ADJUSTMENT: A 20kH balance 
potentiometer is recommended if offset nulling is 
required. However, other potentiometer values such 
as 1 0kft, 50kfi and 1 OOkiT may be used. The minimum 
adjustment range for given values is ±2mV. 

5. SATURATION RECOVERY: Input and output saturation 
recovery time is negligible in most applications. However, 
care should be exercised to avoid exceeding the absolute 
maximum ratings of the device. 

6. DIFFERENTIAL INPUT VOLTAGES: Inputs are shunted 
with back-to-back diodes for overvoltage protection. In 
applications where differential input voltages in excess 
of IV are applied between the inputs, the use of limiting 
resistors at the inputs is recommended. 
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HA-5130/5135 


Applications 

OFFSET NULLING CONNECTIONS 


PRECISION INTEGRATOR 



OPTIONAL 
’ CONNECTION 



6 }-* O 0UT 


* Although Rp is shown equal to 20K, other values such as 50K, 1 00K and The excellent input and gain characteristics of HA-51 30 are well suited for 
1 M may be used. Range of adjustment is approximately ±2.5mV. V 0 s TC precision integrator applications. Accurate integration over seven decades of 

of the amplifier is optimized at minimal Vqs- frequency using HA-5130, virtually nullifies the need for more expensive 

chopper-type amplifiers. 

Tested Offset Adjustment is I Vqs + ImVl minimum referred to output. 


ZERO CROSSING DETECTOR 


OUTPUT 
± 13V = 

200jUs/DIV. 

mm 

mm 
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Low Vqs coupled with high open loop Gain, high CMRR and high PSRR 
make HA-5130 ideally suited for precision detector applications. 


r IN | 

O AV— | 


/vv j 


* Optional for Output 
Swing Limiting 


PRECISION INSTRUMENTATION AMPLIFIER (A v = 100) 
, f+\ 2K 
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HA-5134 



August 1991 


Precision Quad Operational Amplifier 


Features 

• Low Offset Voltage Max 200pV 

• Low Offset Voltage Drift Max2fjV/°C 

• Offset Voltage Match (51 34A) . . Full Temp. Max 250 jjV 

• High Channel Separation 1 20dB 

• Low Noise 7nV/\/Hz 

• Wide Unity Gain Bandwidth 4MHz 

• High CMRR/PSRR (Typ) 1 20dB 

• Dielectric Isolation 

Description 

The HA-5134 is a precision quad operational amplifier that 
is pin compatible with the OP-400, LT1014, OP11, 
RM4156, and LM148 as well as the HA-4741. Each 
amplifier features guaranteed maximum values for offset 
voltage of 200jiV, offset voltage drift of 2fjV/oc, and offset 
current of 75nA over the full military temperature range 
while CMRR/PSRR is guaranteed greater than 94dB and 
AvOL is guaranteed above 750k V/V from -55°C to 
+125°C. 

Precision performance of the HA-5134 is enhanced by a 
noise voltage density of 7rN /\/ Hz at 1kHz, noise current 
density of IpA/y^Hz at 1kHz and channel separation of 
120dB. Each unity-gain stable quad amplifier is fabricated 


Applications 

• Instrumentation Amplifiers 

• State-Variable Filters 

• Precision Integrators 

• Threshold Detectors 

• Precision Data Acquisition Systems 

• Low-Level Transducer Amplifiers 


using the dielectric isolation process to assure performance 
in the most demanding applications. 

The HA-5134 is ideal for compact circuits such as 
instrumentation amplifiers, state-variable filters, and 
low-level transducer amplifiers. Other applications include 
precision data acquisition, precision integrators, and 
accurate threshold detectors in designs where board space 
is a limitation. 

The HA-5134-2 has guaranteed operation from -55°C to 
+125°C and can be ordered as a military grade part. The 
HA-5134-5 is guaranteed from 0°C to +75°C and all devices 
are available in ceramic dual-in-line packages. For military 
grade product, refer to the HA-5134/883 Data Sheet. 


Pinout 

HA1-5134 (CERAMIC DIP) 
TOP VIEW 



Schematic (Each Amplifier) 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjj e Number 2926 

Copyright © Harris Corporation 1 991 
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Specifications HA-5134 


Absolute Maximum Ratings (Note i) 

TA = +25°C Unless Otherwise Stated 

Voltage Between V+ and V- Terminals 40.0V 

Differentiallnput Voltage (Note 2) ±6.0V 

Internal Power Dissipation (Note 3) 800m W 

Output Current Full Short Circuit Protection 

Voltage at any Op Amp Terminal V+, V- 

Maximum Junction Temperature +1 75°C 


Operating Temperature Ranges 

HA-51 34 A/51 34-2 -55°C < Ta < +1 25°C 

HA-51 34A/51 34-5 0°C < T A < +75<>C 

Storage Temperature Range -65°C < Ta < +1 50°C 


Electrical Specifications V cc = ±15V, RlqaD = 2K, CloAD = SOpF, r S < 100n Unless Otherwise specified 




HA- 

51 34A-2/-5 

HA 

-5134-2/ 

-5 


PARAMETER 

TEMP 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

| INPUT CHARACTERISTICS | 

Offset Voltage 

+25°C 

- 

50 

100 

- 

50 

200 

pV 


Full 

- 

75 

250 

- 

75 

350 

M V 

Average Offset Voltage Drift 

Full 

- 

0.3 

1.2 

- 

0.3 

2 

pV/oc 

Offset Voltage Match 

Full 

- 

- 

250 

- 

- 

- 

pV 

Bias Current 

+25°C 

- 

±10 

±25 

- 

±10 

±50 

nA 


Full 

- 

±20 

±50 

- 

±20 

±75 

nA 

Offset Current 

+25°C 

- 

10 

25 

- 

10 

50 

nA 


Full 

- 

15 

50 

- 

15 

75 

nA 

Average Offset Current Drift 

Full 

- 

0.05 

- 

- 

0.05 

- 

nA/°C 

Common Mode Range 

Full 

±10 

- 

- 

±10 

- 

- 

V 

Differential Input Resistance 

+25°C 

- 

30 

- 

- 

30 

- 

Mn 

Input Noise Voltage (0.1 Hz to 1 0Hz) 

+25°C 

- 

0.2 

- 

- 

0.2 

- 

pVp-p 

Input Noise Voltage Density fg = 1 0Hz 

+25°C 

- 

10 

- 

- 

10 

- 

nV/v/Hz 

f 0 = 100Hz 


- 

7.5 

- 

- 

7.5 

- 

nV/v/Hz 

f 0 = 1 kHz 


- 

7 

- 

- 

7 

- 

nV/v/Hz 

Input Noise Current Density fg = 1 0Hz 

+25°C 

i 

3 

- 

- 

3 

- 

pA/y/Hz 

fg = 100Hz 


! 

1.5 

- 

- 

1.5 

- 

pA/y/Hz 

f 0 = 1kHz 


I 

1 

- 

- 

1 

- 

pA/v/Hz 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain 
(VOUT = ±1 0V) 

Common Mode Rejection Ratio 
(V C M = ±10V) 

Minimum Stable Gain 
Unity-Gain Bandwidth 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 

Output Current 

Full Power Bandwidth (Note 4) 

Channel Separation (VquT = ±1 0V) 


TRANSIENT RESPONSE (Note 5) 


Rise Time (Note 6) 
Slew Rate 
Overshoot 

Settling Time (Note 7) 


POWER SUPPLY CHARACTERISTICS 


Supply Current (All Amps) 

Power Supply Rejection Ratio (Note 8) 



1500 

3000 

1000 

2000 

115 

120 

110 

115 

1 

- 

- 

4 



1200 

3000 

750 

2000 

100 

120 

94 

115 

1 

- 


4 




12 

13.5 

- 

20 

12 

16 

120 

136 



_ 

200 

400 

0.75 

1.0 

- 

- 

20 

40 

- 

13 

- 






1 . Absolute maximum ratings are limiting values, applied individually beyond 

which the serviceability of the circuit may be impaired. Functional 

operability under any of these conditions is not necessarily implied. 

2. For differential input voltages greater than 6V, the input current must be 
limited to 25mA to protect the back-to-back input diodes. 

3. Derate at 10mW/°C for ambient temperatures greater than +95°C. 


4. Full power bandwidth guaranteed based on slew rate measurement using 
FPBW » SLEW RATE ,, 

— :Vpeak = 10V 

2 * 1 * * * V PEAK 

5. Refer to Test Circuits section of the data sheet. 

6. Time from 10% to 90% of 200mV output step, Ay = 1. 

7. Specified to 0.01% of a 10V step, Ay = -1. 

8. Vg — ±5V to ±1 8V. 
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HA-5134 


Test Circuits 


SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT 

ii i OOUT 

>2tti ± 50pF 


SMALL SIGNAL RESPONSE 
Vertical: 50mV/Div. Horizontal: 200ns/Div. 
T/\ = +25°C, V C C = ±15V 
Av = +1 , Rl = 2K, Cl = 50pF 




Rl L 


LARGE SIGNAL RESPONSE 
Vertical: 2V/Div. Horizontal: 2ps/Div. 
T A = +25°C, Vqc = ±15V 
Av = +1,RL = 2K f Cl = 50pF 


□Ll _Ji JLiuJi 

' ‘ “ J “ “ r * ‘ r ' V * " * j , J : -J" ? f 

’ J . j . . ^ 

lllllllll 


SETTLING TIME CIRCUIT 



TO 

OSCILLOSCOPE 


A V = -1 • 

Feedback and summing resistors should be 0.1 % matched. 
Clipping diodes are optional. HP5082-2810 recommended. 


PEAK-TO-PEAK NOISE 0.1Hz TO 10Hz 

Ta = +25°C, Vqc = ±15V, A V = 1000 


6Hp_p — 0.1 67pVp-p 
0.05jiV/Div., 1 s/Div. 
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REJECTION RATIO (dB) OFFSET CURRENT (nA) OFFSET CHANGE ( IXV) 


HA-5134 


Performance Curves 


V|Q WARMUP DRIFT 
T A = +25°C, V C C = ±15V 


INPUT OFFSET VOLTAGE vs. TEMPERATURE 




TEMPERATURE (°C) 


OFFSET CURRENT vs. TEMPERATURE 
a CL = +1 . V CC = ±1 5V 



-60 -40 -20 0 20 40 60 80 100 120 

TEMPERATURE (°C) 


CHANNEL SEPARATION vs. FREQUENCY 



FREQUENCY (Hz) 


REJECTION RATIOS vs. TEMPERATURE 

V C C = ±5V to ±20V, Vcm = ±10V 



NOISE VOLTAGE DENSITY vs. FREQUENCY 


20 40 60 

TEMPERATURE (°C) 
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Vqut MAXIMUM (V) 


HA-5134 


Performance Curves (continued) 

CMRR vs. FREQUENCY 
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PSRR vs. FREQUENCY 
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HA-5134 



Applications Information 


SMALL SIGNAL TRANSIENT RESPONSE 
CLOAD = InF 



TRANSIENT RESPONSE OF APPLICATION 
CIRCUIT #1 




T A = +25°C, Vcc = ±1 5V, 
A V = 1,R L = 10K 
20mV/Div, Ips/Div. 


VOUT = ±10V, RlOAD = 50V 
CloaD = 0.01 mF, A \j = 3, Vqq = ±15V 
Top: Input, 2V/Div., 20ps/Div. Bottom: Output, 5V/Div, 20ps/Div. 


APPLICATION CIRCUIT #1: 

INSTRUMENTATION AMPLIFIER WITH POWER OUTPUT 

R 2 A V = (1+i£){fl) 

— i > v\V Rg Ri 

+15V 

f 4 *10£2- lOOfi recommended for 

I ^ short circuit limiting. 


p r 

1/4 HA- 



| miS " ' 

— 

n 

p^j- 


n 

L 

- T * 

>5on _ 

► 



R 1 

p 

Ay 

12 

-15V 1 



LXi HA- 5 ,3« _L J 

_ 


NOTE: When driving heavy loads the HA-5002 
may contribute to thermal errors. Proper 
thermal shielding is recommended. 
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General Considerations 


1. POWER SUPPLY DECOUPLING: Although not 
absolutely necessary, it is recommended that all power 
supply lines be decoupled with 0.01 jjF ceramic capaci- 
tors to ground. Decoupling capacitors should be located 
as near to the amplifier terminals as possible. 

2. CONSIDERATIONS FOR PROTOTYPING: The following 
list of recommendations are suggested for prototyping. 

• Resolving low level signals requires minimizing 
leakage currents caused by external circuitry. Use of 
quality insulating materials, thorough cleaning of 
insulating surfaces and implementation of moisture 
barriers when required is suggested. 


• Error voltages generated by thermocouples formed 
between dissimilar metals in the presence of tempera- 
ture gradients should be minimized. Isolation of low 
level circuitry from heat generating components is 
recommended. 

• Shielded cable input leads, guard rings and 
shield drivers are recommended for the most critical 
applications. 
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2) HARRIS 


HA-5137 


August 1991 


Ultra-Low Noise Precision 
Wideband Operational Amplifier 


Features 

• High Speed 20 V/jjs 

• Wide Gain Bandwidth (Av> 5) 63MHz 

• Low Noise ZnM/y/Hz at IKHz 

• Low VOS lO^iV 

• High CMRR 126dB 

o High Gain 1800V/mV 


Description 

The HA-5137 monolithic operational amplifier features 
an unparalleled combination of precision DC and wide- 
band high speed characteristics. Utilizing the Harris 
D. I. technology and advanced processing techniques, this 
unique design unites low noise (3nV/>/Hz) precision 
instrumentation performance with high speed (20 V/jjs) 
wideband capability. 

This amplifier’s impressive list of features include low Vos 
(10fjV), wide gain-bandwidth (63MHz), high open loop gain 
(1 800V/mV), and high CMRR (126dB). Additionally, this 
flexible device operates over a wide supply range (±5V to 
±20V) while consuming only 140mW of power. 


Applications 

• High Speed Signal Conditioners 

• Wide Bandwidth Instrumentation Amplifiers 

• Low Level Transducer Amplifiers 

• Fast, Low Level Voltage Comparators 

• Highest Quality Audio Preamplifiers 

• Pulse/RF Amplifiers 

• For Further Design Ideas See Application Note 553 

Using the HA-5137 allows designers to minimize errors 
while maximizing speed and bandwidth in applications 
requiring gains greater than five. 

This device is ideally suited for low level transducer signal 
amplifier circuits. Other applications which can utilize 
the HA-51 37’s qualities include instrumentation amplifiers, 
pulse or RF amplifiers, audio preamplifiers, and signal 
conditioning circuits. 

This device can easily be used as a design enhancement 
by directly replacing the 725, OP25, OP06, OP07, OP27 
and OP37 where gains are greater than five. The HA-5137 
is available in TO-99 Metal Can and Ceramic 8 pin 
Mini- DIPs. For the military grade product, refer to the 
HA-5137/883 data sheet. 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 
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Specifications HA-5137 


Absolute Maximum Ratings (Note i) 

T A = +25°C Unless Otherwise Stated 

Voltage Between V+ and V- Terminals ±22V 

Differential Input Voltage (Note 2) ±0.7 V 

Internal Power Dissipation 500mW 

Output Current Full Short Circuit Protection 


Operating Temperature Ranges 

HA-51 37/37 A-2 -550C<T A <+1250C 

HA-51 37/37A-5 0°C<T A <+75OC 

Storage Temperature Range -65°C < T A < +1 50°C 

Maximum Junction Temperature +175°C 


Electrical Specifications v+ = isv, v- = -isv, Cl < 50 pF, r s < loon 



INPUT CHARACTERISTICS 


Offset Voltage 

+25°C 

- 

10 

25 

- 

30 

100 

MV 


Full 

- 

30 

60 

- 

70 

300 

M v 

Average Offset Voltage Drift 

Full 

- 

0.2 

0.6 

- 

0.4 

1.8 

mV/ oc 

Bias Current 

+25°C 

- 

±10 

±40 

- 

±15 

±80 

nA 


Full 

- 

±20 

±60 

- 

±35 

±150 

nA 

Offset Current 

+25°C 

- 

7 

35 

- 

12 

75 

nA 


Full 

- 

15 

50 

- 

30 

135 

nA 

Common Mode Range 

Full 

±10.3 

±11.5 

- 

±10.3 

±11.5 

- 

V 

Differential Input Resistance (Note 3) 

+25°C 

1.5 

6 

- 

0.8 

4 

- 

m n 

Input Noise Voltage 0.1 Hz to 1 0Hz (Note 4) 

+25°C 

- 

0.08 

0.18 

- 

0.09 

0.25 

MVp-p 

Input Noise Voltage Density (Note 5) fQ = 1 0Hz 

+25°C 

- 

3.5 

5.5 

- 

3.8 

8.0 

nV/v/Hz 

f 0 = 30Hz 


- 

3.1 

4.5 

- 

3.3 

5.6 

nV/v/Hz 

f0= 1000Hz 


- 

3.0 

3.8 

- 

3.2 

4.5 

nV/v/Hz 

Input Noise Current Density (Note 5) fg = 1 0Hz 

+25°C 

- 

1.7 

4.0 

- 

1.7 

- 

pA/v/Hz 

f 0 = 30Hz 


- 

1.0 

2.3 

- 

1.0 

- 

nV/^Hz 

f 0 = 1000Hz 


- 

0.4 

0.6 

- 

0.4 

0.6 

rN/s/Hz 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 6) 

Common Mode Rejection Ratio (Note 7) 
Minimum Stable Gain 
Gain-Bandwidth-Product fn = 


OUTPUT CHARACTERISTICS 
Output Voltage Swing 

Full Power Bandwidth (Note 8) 
Output Resistance, Open Loop 
Output Current 


TRANSIENT RESPONSE (Note 9) 
Rise Time 

Slew Rate (Note 11) 

Settling Time (Note 1 0) 

Overshoot 


POWER SUPPLY CHARACTERISTICS 


Supply Current 

Power Supply Rejection Ratio (Note 1 2) 


f 0 = 1 0KHz 
f 0 = 1 MHz 


RL = 600 n 
RL = 2Kn 



1000 

1800 

600 

1200 

114 

126 

5 

- 

60 

80 

- 

63 


+25°C 

_ 

- 

+25°C 

14 

20 

+25°C 

- 

1.0 

+25°C 

" 

20 





+25°C 

±10.0 

±11.5 

- 

±10.0 

±11.5 

- 

Full 

±11.7 

±13.8 

- 

±11.4 

±13.5 

- 

+25°C 

220 

320 

- 

220 

320 

- 

+25°C 

- 

70 

- 

- 

70 

- 

+25°C 

16.5 

25 

~ 

16.5 

25 

- 
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HA-5137 


1. Absolute maximum ratings are limiting values, applied individually, 8. Full power bandwidth guaranteed based on slew rate measurement 


beyond which the serviceability of the circuit may be impaired. Function- 
al operability under any of these conditions is not necessarily implied. 

2. For differential input voltages greater than 0.7V, the input current must be 
limited to 25mA to protect the back-to-back input diodes. 

3. This parameter value is based upon design calculations. 

4. Refer to Typical Performance section of the data sheet. 

5. Sample tested. 

6. VoUT = ±10V, R L = 2kQ 

7. V CM = ±10V 


using: FPBW = 


9. Refer to Test Circuits section of the data sheet. 


1 0. Settling time is specified to 0.1 % of final value for a 1 0V output step and 
Ay = -5. 

11. Vqut = 10V step 

12. V S = ±4V to ±18V 


Typical Performance Unless Otherwise specified: T A = +25°C, Vsupply = ±15V 


OFFSET VOLTAGE 
TYPICAL DRIFT vs. TEMPERATURE 



NOISE CHARACTERISTICS 



NOISE vs. SUPPLY VOLTAGE 


CMRR vs. FREQUENCY 




SUPPLY VOLTAGE (± VOLTS D.C.) 


SUPPLY CURRENT vs. SUPPLY VOLTAGE 


BANDWIDTH AND SLEW RATE vs. 
SUPPLY VOLTAGE 


SU PPLY VOLTAGE (+ V) 


IHBESaiMM— 
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Avoi (100KV/V AND VqUT (VOLTS) 


HA-5137 


Typical Performance Curves unless otherwise specified: t a = +25°c, vsupply = ±isv 


PSRR vs. FREQUENCY 


CLOSED LOOP GAIN AND PHASE vs. FREQUENCY 




AvoL AND V 0 UT vs. LOAD RESISTANCE 


NORMALIZED SLEW RATE vs. TEMPERATURE 




SUPPLY CURRENT vs. TEMPERATURE 




Vqut m AX vs. FREQUENCY 
UNDISTORTED SINEWAVE OUTPUT 
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HA-5137 


Typical Performance Curves unless otherwise specified: t a = + 25°c, vsupply = ±isv 

OPEN LOOP GAIN AND PHASE vs. FREQUENCY SUGGESTED OFFSET VOLTAGE ADJUSTMENT 


II 


illllllllll 

1 

Illllllllll 

II 


III 

IS! 

m 

H 

1 

Illllllllll 

II 


III 

Ill 

hr 

3 

1 

Illllllllll 

II 


Illllllllll 

8 

aiiiiiiiiii 

II 


Illllllllll 

1 

11118911111 

18 


Illllllllll 

1 

IlllllliiSS 

II 

li 

IIIIIIIIII 

1 

■llllll ■■ 

B 

II 

IIIIH1I 

IIIIIIIIII 

I 


IIIIb8S!!9I 

Illllllllll 


100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 



Test Offset Adjustment Range is I Vqs +1mV l minimum referred to output. 
Typical range is ±4mV with Rp = 1 0kfl. 


LARGE AND SMALL SIGNAL RESPONSE 
TEST CIRCUIT 



LARGE SIGNAL RESPONSE 


SMALL SIGNAL RESPONSE 
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(Volts: Output = 5V/Div.) 
Horizontal Scale: (Time = 1 us/Div.) 





















f? ' 









pi® 

r 


....... 






t 

j 
























1 


' ' ■ 






i 

■ ■ • 


! 

* * * * 





! . . . 







■ ; 





Vertical Scale: (Volts: Input = 20mV/Div.) 

(Volts: Output = lOOmV/Div.) 
Horizontal Scale: (Time = lOOns/Div.) 





HA-5137 


Typical Performance Curves (Continued) Unless Otherwise Specified: Ta = +25°C, VguPPLY - ±15V 

SETTLING TIME TEST CIRCUIT 



SUGGESTED STABILITY CIRCUITS 




Low resistances are preferred for low noise applications as a 1 Kfl resistor has 4nV/ v /Hz of thermal noise. Total 
resistances of greater than 10KQ on either input can reduce stability. In most high resistance applications, a few 
picofarads of capacitance across the feedback resistor will improve stability. 


0.1Hz TO 10Hz NOISE WITH Aql = 25,000 V/V 



Horizontal Scale = 1 sec/Div. 
Vertical Scale = 0.002|jV/Div. 
0.08pVp-p 


Die Characteristics 

Transistor Count 63 

Die Dimensions 65 x 104.3 x 19 mils 

(1700pm x 2600pm x 480pm) 
Substrate Potential* V- 


Process 


. . Bipolar-DI 

Thermal Constants (°C/W) 

6ja 

9jc 

HA7-51 37 Ceramic Mini-DIP 

160 

79 

H A2-51 37 T 0-99 Metal Can 

172 

48 


*The substrate may be left floating (Insulating Die Mount) or it may be 
mounted on a conductor at V- potential. 
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m HARRIS 


August 1991 


HA-5142/44 

Dual/Quad Ultra-Low Power 
Operational Amplifiers 


Features 

• Low Supply Current 45jiA/Amp 

• Wide Supply Voltage Range Single 3V to 30V 

or Dual ±1.5V to ±1 5V 

• High Slew Rate I.SV/jjs 

• High Gain lOOkV/V 

• Unity Gain Stable 

• Available in Duals and Quads 

Description 

The HA-5142/44 ultra-low power operational amplifiers 
provide AC and DC performance characteristics similar 
to or better than most general purpose amplifiers while 
only drawing 1/30 of the supply current of most general 
purpose amplifiers. In applications which require low power 
dissipation and good A.C. electrical characteristics, this 
family offers the industry’s best speed/power ratio. 

The HA-5142/44 provides accurate signal processing by 
virtue of their low input offset voltage (2mV), low input bias 
current (45nA), high open loop gain (lOOkV/V) and low 
noise, for low power operational amplifiers (20nV/</Hz). 
These characteristics coupled with a 1.5 V/jjs slew rate and 


Applications 

• Portable Instruments 

• Meter Amplifiers 

• Telephone Headsets 

• Microphone Amplifiers 

• Instrumentation 

• For Further Design Ideas See Application Note 544 


a 400kHz bandwidth make the HA-5142/44 ideal for use in 
low power instrumentation, audio amplifier and active filter 
designs. The wide range of supply voltages (3V to 30V) also 
allow these amplifiers to be very useful in low voltage 
battery powered equipment. These parts are also tested 
and guaranteed at both ±.15V and single ended +5V 
supplies. 

These amplifiers are available in duals (HA-5142, SOIC, 
Can or Mini-DIP) or quads (HA-5144, SOIC or DIP) with 
industry standard pinouts which allow the HA-51 42/51 44’s 
to be interchangeable with most other operational amplifi- 
ers. For military grade product refer to the 5142, 5144/883 
data sheet 


Pinouts 

HA3-5142 (PLASTIC MINI-DIP) 
HA7-5142 (CERAMIC DIP) 


\s 



TOP VIEWS 

HA2-5142 (TO-99 METAL CAN) 



HA1-5144 (CERAMIC DIP) 

HA3-51 44 (PLASTIC DIP) 



CAUTION: These devices are sensitive to electrostatic discharge. Proper 1C handling procedures should be followed. pjj e fslumber 2909 
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Specifications HA-5142/44 


Absolute Maximum Ratings (Note i) 


Voltage Between V-f and V- Terminals 35 V 

Differential Input Voltage ±7V 

Output Current S/C Protected 

Internal Power Dissipation 500mW 


Operating Temperature Range 

HA-5142/44-5 0°C<T A <+75°C 

HA-51 42/44-2 -55°C < T A < +1 250C 

HA-51 42/44-9 -40°C < T A < +85°C 

Storage Temperature Range -65°C < T A < +1 50°C 

Maximum Junction Temperature +1 75°C 


Electrical Specifications Rs = loon, C[_ < 10pF Unless Otherwise specified. 


PARAMETER 

TEMP 

V+: 

-2,-5 
= +5V, V- = 

0V 

-2,-5 

V+ = +1 5V, V- = 

-15V 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

INPUT CHARACTERISTICS 

Offset Voltage (Note 11) 

+25°C 

- 

2 

6 


2 

6 

mV 


Full 

- 

- 

8 


- 

8 

mV 

Average Offset Voltage Drift 

Full 

- 

3 

- 


3 

- 

|iV/°C 

Bias Current (Note 1 1 ) 

+25°C 

- 

45 

100 


45 

100 

nA 


Full 

- 

- 

125 


- 

125 

nA 

Offset Current (Note 1 1 ) 

+25°C 

- 

0.3 

10 


0.3 

10 

nA 


Full 

- 

- 

20 


- 

20 

nA 

Common Mode Range 

Full 

0to3 

- 

- 


- 

- 

V 

Differential Input Resistance 

+25°C 

- 

0.6 

- 


0.6 

- 

Mn 

Input Noise Voltage (f = 1 kHz) 

+25°C 

- 

20 

- 


20 

- 

nV/v/Hz 

Input Noise Current (f = 1 kHz) 

+25°C 

- 

0.25 

- 


0.25 

- 

pA/v/Hi 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Notes 2, 4) 


mm 

100k 

- 


100k 

- 

V/V 


Full 

■n 

- 

- 


- 

- 

V/V 

Common Mode Rejection Ratio (Note 7) 

Full 

77 

105 

- 

77 

105 

- 

dB 

Bandwidth (Notes 2, 3) 

+25°C 

- 

0.4 

- 

- 

0.4 

- 

MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Notes 2, 10) 

+25°C 

1.0 to 3.8 


- 

±10 

E9 

- 

V 


Full 

1.2 to 3.5 


- 

±10 

WSm 

- 

V 

Full Power Bandwidth (Notes 2, 4, 8) 

+25°C 

_ 


- 

- 

24 

- 

kHz 

TRANSIENT RESPONSE (Notes 2, 3) 

Rise Time 

+25°C 

- 


- 


600 

- 

ns 

Slew Rate (Note 6) 

+25°C 

0.8 

mk: 

- 

0.8 

1.5 

- 

V/ms 

Settling Time (Note 5) 

+25°C 

- 

WM 

- 

- 

10 

- 

US 

POWER SUPPLY CHARACTERISTICS 

Supply Current 

+25°C 

- 

45 

80 

- 

100 

150 

pA/Amp 


Full 

- 

- 

100 

- 

- 

200 

jjA/Amp 

Power Supply Rejection Ratio (Note 9) 

Full 

77 

105 

- 

77 

105 

- 

dB 


NOTES: 

1 . Absolute maximum ratings are limiting values, applied individually beyond 9. AVg = +1 0V for Vqq = +5, 0V; AVg = ±5V for Vqq = ±1 5V. 

which Ihe seiviceabiiily of the circuil may be impaired. Funclional For v _ +s ov , arminale „ a , +2 . 5V . Typica | oulput curranl is 

operability under any of these conditions is not necessarily implied. +3mA 

2. R L = 50kft 11. Vq = 1.4V for V CC - +5V, OV. 

3. Cl - 50pF 

4. Vq = 1 .4 to 2.5V for V cc = +5, OV; Vq «* ±10V for V cc = ±15V. 

5. Settling Time is specified to 0.1 % of final value for a 3V output step and 
Ay = -1 for Vcc = +5V, ov - Output step = 10V for Vcc = ±15V. 

6. Maximum input slew rate = IOV/jis. 

7. V CM = 0 to 3V for V c c = +5. OV; V C m = ±1 OV for V c c = ±15V 

8. Full Power Bandwidth is guaranteed by equation: 

Full Power Bandwidth = Slew Rate 

2ttV Peak 
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Specifications HA-5142/44 



V+: 

-9 

= +5V, V- = 

:0V 

MIN 

TYP 

MAX 


Electrical Specifications Rg = 100ft, Cl < 10pF Unless Otherwise Specified. 


PARAMETER 


INPUT CHARACTERISTICS 


Offset Voltage (Note 1 1 ) 

Average Offset Voltage Drift 
Bias Current (Note 1 1 ) 

Offset Current (Note 1 1) 

Common Mode Range 
Differential Input Resistance 
Input Noise Voltage (f = 1 KHz) 
Input Noise Current (f = 1 kHz) 


TRANSFER CHARACTERISTICS 


V+ = +15V, V- = -1 5V 



Large Signal Voltage Gain (Notes 2, 4) 

+25°C 


Full 

Common Mode Rejection Ratio (Note 7) 

Full 

Bandwidth (Notes 2, 3) 

+25°C 







OUTPUT CHARACTERISTICS 


Output Voltage Swing (Notes 2, 1 0) 

+25°C 


Full 

Full Power Bandwidth (Notes 2, 4, 8) 

+25°C 




±10 

±13 

±10 

±13 

- 

24 


TRANSIENT RESPONSE (Notes 2, 3) 


Rise Time 

Slew Rate (Note 6) 

Settling Time (Note 5) 


POWER SUPPLY CHARACTERISTICS 


- 

600 

0.8 

1.5 

- 

10 



- 

600 

0.8 

1.5 

- 

10 


Supply Current 

+25°C 

Full 

Power Supply Rejection Ratio (Note 9) 

Full 


45 

80 

- 

100 

105 

- 




- 

2 

6 

- 

2 

6 

mV 

- 

- 

8 

- 

- 

8 

mV 

- 

3 

- 

- 

3 

- 

pV/°C 

- 

45 

100 

- 

45 

100 

nA 

- 

- 

125 

- 

- 

125 

nA 

- 

0.3 

10 

- 

0.3 

10 

nA 

- 

- 

20 

- 

- 

20 

nA 

0to3 

- 

- 

±10 

- 

- 

V 

- 

0.6 

- 

- 

0.6 

- 

Mn 

- 

20 

- 

- 

20 

- 

nV/v'Hz 

- 

0.25 

- 

- 

0.25 

- 

pA/v/Rz 







NOTE: The notes from the -2, -5 table apply to this -9 table. Absolute maximum ratings and the operating temperature ranges also apply. 
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HA-5142/44 


Test Circuits 


SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT 


IN 



LARGE SIGNAL RESPONSE 

Vertical Scale: (Volts: Input = 5V/Div.; Output = 2V/Div.) 
Horizontal Scale: (Time: 2jJs/Div.) 



+V SUPPLY = + 1 5V > “^SUPPLY = "1 5V 


SMALL SIGNAL RESPONSE 

Vertical Scale: (Volts: Input = 100mV/Div.; Output = 50mV/Div.) 
Horizontal Scale: (Time: 2ps/Div.) 



+V SUPPLY = +1 5V, -VSUPPLY = _1 5V 


LARGE SIGNAL RESPONSE 

Vertical Scale: (Volts: Input = 2V/Div.; Output = IV/Div.) 
Horizontal Scale: (Time: 5jjs/Div.) 


SMALL SIGNAL RESPONSE 

Vertical Scale: (Volts: Input = 100mV/Div.; Output = 50mV/Div.) 
Horizontal Scale: (Time: 5jjs/Div.) 



INPUT 


OUTPUT 



+ V SUPPLY = + 5V > “^supply = OV 


+ V SUPPLY = +5V > " V SUPPLY = OV 
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HA-5142/44 


Performance Curves V S = ±2.5 V, T a = +25°C Unless Otherwise Specified 


OPEN LOOP FREQUENCY RESPONSE 


INPUT OFFSET CURRENT AND BIAS CURRENT vs. 
TEMPERATURE 
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-60 -40 -20 0 20 40 60 

TEMPERATURE (°C) 


IK 10K 100K 1M 

FREQUENCY (Hz) 


BANDWIDTH AND PHASE MARGIN vs. LOAD CAPACITANCE 


NORMALIZED AC PARAMETERS vs. SUPPLY VOLTAGE 





!Z 
















BANDWIDTH 
































LOAD CAPACITANCE ( pF ) 


0 ±1 ±2 ±3 ±4 ±5 ±6 ±7 ±8 ±9 ±10 

SUPPLY VOLTAGE (VOLTS) 


OUTPUT VOLTAGE SWING vs. 
FREQUENCY AND SINGLE SUPPLY VOLTAGE 


NORMALIZED AC PARAMETERS vs. TEMPERATURE 


VSUPPLY = +5V 

M il 

VSUPPLY = +3V 


FREQUENCY (Hz) 
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TEMPERATURE ( ®C ) 
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PSSR.CMRR (dB) 


HA-5142/44 


Performance Curves (Continued) V S = ±2.5V, T A = +25QC Unless Otherwise Specified 


INPUT NOISE vs. FREQUENCY 


MAXIMUM OUTPUT VOLTAGE SWING vs. 

LOAD RESISTANCE AND SINGLE SUPPLY VOLTAGE 



FREQUENCY (Hz) 



- 

— 

- 


M 1 — 

+20V 
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'/SUPPLY 

rr 

+5V 
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+3V 


mini 

im 

■mini 


LOAD RESISTANCE (OHMS) 


PSRR AND CMRR vs. FREQUENCY 


POWER SUPPLY CURRENT vs. 
TEMPERATURE AND SINGLE SUPPLY VOLTAGE 



FREQUENCY (Hz) 



-60 -40 -20 0 20 40 60 8C 

TEMPERATURE (°c) 


CHANNEL SEPARATION vs. FREQUENCY 



FREQUENCY (Hz) 
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Die Characteristics 


Transistor Count 


HA-5142 


66 

HA-5144 


132 

Substrate Potential* 


V- 

Process 


. . Bipolar-D! 

Thermal Constants (°C/W) 

0ja 

6jc 

HA1-5144 (-2, -5, -7) 

101 

33 

HA1-5144(/883) 

75 

22 

HA2-5144 (-2, -5, -7) 

206 

56 

HA2-5142 (-2,-5, -7) 

184 

50 

HA2-5142 (/883) 

143 

43 

HA3-5142 (-5) 

80 

20 

HA3-5144 (-5) 

75 

20 

HA7-5142 (-2,-5, -7) 

177 

92 

HA7-5142 (/883) 

80 

20 

HA9P5142 (-5, -9) 

94 

26 

HA9P5144 (-5, -9) 

90 

26 


*The substrate may be left floating (Insulating Die Mount) or it may be 
mounted on a conductor at V- potential. 


NOTE: Consult Harris for LCC/PLCC information. 
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HA-5147 

Ultra-Low Noise Precision High Slew Rate 
Wideband Operational Amplifier 


Features 

• High Speed 35V/ps 

• Wide Gain Bandwidth (A v > 10) 120MHz 

• Low Noise 3nV/>/Hz at 1 KHz 

• Low VOS 10jiV 

• High CMRR 126dB . 

• High Gain 1 800V/mV 

Description 


The HA-5147 monolithic operational amplifier features an 
unparalleled combination of precision DC and wideband 
high speed characteristics. Utilizing the Harris D. I. 
technology and advanced processing te chni ques, this 
unique design unites low noise (3nV/y / Hzj precision 
instrumentation performance with high speed (35 V/jjs) 
wideband capability. 

This amplifier’s impressive list of features include low Vos 
(IOjjV), wide gain-bandwidth (120MHz), high open loop 
gain (1800V/mV), and high CMRR (126dB). Additionally, 
this flexible device operates over a wide supply range (±5V 
to ±20V) while consuming only 140mW of power. 

Using the HA-5147 allows designers to minimize errors 
while maximizing speed and bandwidth in applications 
requiring gains greater than ten. 


Applications 

• High Speed Signal Conditioners 

• Wide Bandwidth Instrumentation Amplifiers 

• Low Level Transducer Amplifiers 

• Fast, Low Level Voltage Comparators 

• Highest Quality Audio Preamplifiers 

• Pulse/RF Amplifiers 


This device is ideally suited for low level transducer signal 
amplifier circuits. Other applications which can utilize the 
HA-51 47’s qualities include instrumentation amplifiers, 
pulse or RF amplifiers, audio preamplifiers, and signal 
conditioning circuits. Further application ideas are given in 
Application Note 553. 

This device can easily be used as a design enhancement by 
directly replacing the 725, OP25, OP06, OP07, OP27 and 
OP37 where gains are greater than ten. The HA-5147 is 
available in TO-99 Metal Can and Ceramic 8 pin 
Mini-DIPs. For military grade product, refer to the 
HA- 5 147/883 data sheet. 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. p- ( j e Number 2910 

Copyright © Harris Corporation 1991 
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Specifications HA-5147 


Absolute Maximum Ratings (Notei) 

T a = +25°C Unless Otherwise Stated 

Voltage Between V+ and V- Terminals ±22 V 

Differential Input Voltage (Note 2) ±0.7 V 

Internal Power Dissipation 500mW 

Output Current Full Short Circuit Protection 


Operating Temperature Ranges 

HA-51 47/47A-2 -55°C < T A < +1 25°C 

HA-51 47/47A-5 0°C<Ta<+75°C 

Storage Temperature Range -65 °C<Ta<+150°C 

Maximum Junction Temperature +1 75°C 


Electrical Specifications v+ = isv, v- = -isv, Cl < 5opF, r s < loon 


PARAMETER 

TEMP 

HA-51 47A 

HA-51 47 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

INPUT CHARACTERISTICS 

Offset Voltage 

+25°C 

- 

10 

25 

- 

30 

100 

pV 


Full 

- 

30 

60 

- 

70 

300 

mV 

Average Offset Voltage Drift 

Full 

- 

0.2 

0.6 

- 

0.4 

1.8 

nv/°c 

Bias Current 

+25°C 

- 

±10 

±40 

- 

±15 

±80 

nA 


Full 

- 

±20 

±60 

- 

±35 

±150 

nA 

Offset Current 

+25°C 

- 

7 

35 

- 

12 

75 

nA 


Full 

- 

15 

50 

- 

30 

135 

nA 

Common Mode Range 

Full 

±10.3 

±11.5 


±10.3 

±11.5 

- 

V 

Differential Input Resistance (Note 3) 

+25°C 

1.5 

6 

- 

0.8 

4 

- 

MG 

Input Noise Voltage 0.1 Hz to 1 0Hz (Note 4) 

+25°C 

- 

0.08 

0.18 

- 

0.09 

0.25 

mVp-p 

Input Noise Voltage Density (Note 5) fg = 1 0Hz 

+25°C 

- 

3.5 

5.5 

- 

3.8 

8.0 

nV/y/Hz 

f 0 = 30Hz 


- 

3.1 

4.5 

- 

3.3 

5.6 

nV/^/Hl 

f 0 = 1000Hz 


- 

3.0 

3.8 

- 

3.2 

4.5 

nV/^/Hz 

Input Noise Current Density (Note 5) fg = 1 0Hz 

+25°C 

- 

1.7 

4.0 

- 

1.7 

- 

pA/y/Hz 

f 0 = 30Hz 


- 

1.0 

2.3 

- 

1.0 

- 

pA/^/Hz 

f 0 = 1000Hz 


" 

0.4 

0.6 

- 

0.4 

0.6 

pA/v/Hz 

TRANSFER CHARACTERISTICS j 

Minimum Stable Gain 

+25°C 

10 

- 

- 

10 

- 


V/V 

Large Signal Voltage Gain (Note 6) 

+25°C 

1000 

1800 

- 

700 

1500 

B 

V/mV 


Full 

600 

1200 

- 

300 

800 

B 

V/mV 

Common Mode Rejection Ratio (Note 7) 

Full 

114 

126 

- 

100 

120 

j^^B 

dB 

Gain-Bandwidth-Product fg = 1 0KHz 

+25°C 

120 

140 

- 

120 

140 

B 

MHz 

fg = 1 MHz 

+25°C 

- 

120 

- 

- 

120 

B 

MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing R|_ = 600fl 

+25°C 

±10.0 

±11.5 

■HHj 

±10.0 

±11.5 


V 

R(_ = 2Kfi 

Full 

±11.7 

±13.8 

m 

±11.4 

±13.5 


V 

Full Power Bandwidth (Note 8) 

+25°C 

445 

500 

. ■ ■ 

445 

500 


KHz 

Output Resistance, Open Loop 

+25°C 

- 

70 


- 

70 

fl 

n 

Output Current 

+25°C 

16.5 

25 

BbB 

16.5 

25 

mm 

mA 

TRANSIENT RESPONSE (Note 9) 

Rise Time 

+25°C 

- 

22 

50 

- 

22 

50 

ns 

Slew Rate (Note 1 1 ) 

+25°C 

28 

35 

- 

28 

35 

- 

V/ps 

Settling Time (Note 1 0) 

+25°C 

- 

400 

- 

- 

400 


ns 

Overshoot 

+25°C 

- 

20 

40 

- 

20 

40 

% 

POWER SUPPLY CHARACTERISTICS 

Supply Current 

+25°C 


3.5 


■ 

3.5 

- 

mA 


Full 

fl 

- 

■ 


- 

4.0 

mA 

Power Supply Rejection Ratio (Note 1 2) 

Full 

■ 

2 

n 


16 

51 

pV/V 






















































HA-5147 


NOTES: 

1 . Absolute maximum ratings are limiting values, applied individually, be- 
yond which the serviceability of the circuit may be impaired. Functional 
operability under any of these conditions is not necessarily implied. 

2. For differential input voltages greater than 0.7V, the input current must be 
limited to 25mA to protect the back-to-back input diodes. 

3. This parameter value is based upon design calculations. 

4. Refer to Typical Performance section of the data sheet. 

5. Sample tested. 

6. V OUT = ±10V, R L = 2KCI 


7. V CM =±10V 

8. Full power bandwidth guaranteed based on slew rate measurement 
using: FPBW = Slew Rate 


2nV PEAK 

9. Refer to Test Circuits section of the data sheet. 

10. Settling time is specified to 0.1% of final value for a 10V output step and 
A v = -1 0. 

11. Vqjt = 10V Step 

12. V S = ±4V to ±18V 


Typical Performance Curves unless otherwise specified: t a = +2500, v SUPPL y = ±1 sv 

NOISE CHARACTERISTICS 


OFFSET VOLTAGE TYPICAL DRIFT vs. TEMPERATURE 



NOISE vs. SUPPLY VOLTAGE 


FREQUENCY (Hz) 


CMRR vs. FREQUENCY 



~r~i ~ 
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SUPPLY VOLTAGE ( ± VOLTS O.C.) 
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FREQUENCY (Hz) 
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HA-5147 


Typical Performance Curves (Continued) unless otherwise specified: t a = +25°c, vsupply = ±isv 
CLOSED LOOP GAIN AND PHASE vs. FREQUENCY SUGGESTED OFFSET VOLTAGE ADJUSTMENT 

r “ J— T-TTT m , , , T „„ ; T - r TT TTTT . r— i 


20 L RL=2K 

(dB> C|. * 50pF 




10K 100K 1M 10M 100M 

FREQUENCY (Hz) 


Tested Offset Adjustment Range is I Vqs +1mV I minimum referred to output. 
Typical range is ±4mV with Rj = 10kn. 


LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 



LARGE SIGNAL RESPONSE 


SMALL SIGNAL RESPONSE 



Vertical Scale: (Volts: Input = 0.5V/Div.) 

(Volts: Output = 5V/Div.) 
Horizontal Scale: (Time: 500ns/Div) 


.v. 



w* 

% 

m 








- 


SB 

B;^S 

"T 

\ 



.1 



Vertical Scale: (Volts: Input = lOmV/Div) 

(Volts: Output = lOOmV/Div) 
Horizontal Scale: (Time: lOOns/Div) 
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HA-5147 


Typical Performance Curves (Continued) Unless Otherwise Specified: T A = +25°C, Vsupply = ±15V 

SETTLING TIME TEST CIRCUIT 

i . -t m/ 


OSCILLOSCOPE 



• Av = -10 

• Feedback and summing resistors should be 0.1 % 

• Clipping diodes are optional. HP5082-2810 recommended 

SUGGESTED STABILITY CIRCUITS 




Low resistances are preferred for low noise applications as a IkH resistor has 4nV/ v /Hz of thermal noise. Total 
resistances of greater than 10kO on either input can reduce stability. In most high resistance applications, a few 
picofarads of capacitance across the feedback resistor will improve stability. 


0.1Hz TO 10Hz NOISE WITH A C L = 25,000V/V 



mi 

i 

| j 

...J 


res? 


: l 








: 




j ■ : 





1 



M 

— 1 

:! 



i 

i i 

Ip 


i 

f 


J 

$ 


$ 



n 


H 


1 


1 



: 







' ' \'" ' 








U— " , 

l 

iJSUS 



£ 

•m 


L ■ 




Horizontal Scale = 1 sec/Div. 
Vertical Scale = 0.002 pV/Div. 
0.08|iVp-p 


Die Characteristics 

Transistor Count 63 

Die Dimensions 65 x 104.3 x 19 mils 

Substrate Potential* V- 

Process Bipolar-DI 

Thermal Constants (°C/W) 0j a 0j C 

HA7-51 47 Ceramic Mini-DIP 160 79 

H A2-51 47 TO-99 Metal Can 1 72 48 

*The substrate may be left floating (Insulating Die Mount) or it may be 
mounted on a conductor at V- potential. 
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ffl Harris HA - 5 1 60/62 


Wideband, JFET Input High Slew Rate, 
August 1991 Uncompensated, Operational Amplifier 


Features 

• Wide Gain Bandwidth (Av> 10) 100MHz 

• High Slew Rate 120V/fiS 

• Settling Time 280ns 

• Power Bandwidth 1.9MHz 

• Offset Voltage I.OmV 

• Bias Current 20pA 

Description 


The HA-5160 is a wideband, uncompensated, operational 
amplifier with FET/Bipolar technologies and Dielectric 
Isolation. This monolithic amplifier features superior high 
frequency capabilities further enhanced by precision laser 
trimming of the input stage to provide excellent input 
characteristics. This device has excellent phase margin at a 
closed loop gain of 10 without external compensation. 

The HA-5160/5162 offers a number of important 
advantages over similiar FEET input op amps from other 
manufacturers. In addition to superior bandwidth and 
settling characteristics, the Harris devices have nearly 
constant slew rate, bandwidth, and settling characteristics 
over the operating temperature range. This provides the 
user predictable performance in applications where settling 
time, full power bandwidth, closed loop bandwidth, or 
phase shift is critical. Note also that Harris specifies all 
parameters at ambient (rather than junction) temperature to 


Applications 

• Video and RF Amplifiers 

• Data Acquisition 

• Pulse Amplifiers 

• Precision Signal Generation 


provide the designer meaningful data to predict actual 
operating performance. 

Complementing the HA-51 60/51 62’s predictable and 
excellent dynamic characteristics are very low input offset 
voltage, very low input bias current, and a very high input 
impedance. This ideal combination of features make these 
amplifiers most suitable for precision, high speed, data 
acquisition system designs and for a wide variety of signal 
conditioning applications. The HA-5160 provides excellent 
performance for applications which require both precision 
and high speed performance. The HA-5162 meets or 
exceeds the performance specifications of National’s 
hybrid op amp, the LH0062. 

The HA2-51 60-2 denotes a temperature range of -55°C 
to +125°C and the HA2-51 60/62-5 denotes a OOC to 
+750C range. Military version (/883) data sheets are 
available upon request. 




CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pj| e fv|u m ker 291 1 

Copyright © Harris Corporation 1991 
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Specifications HA-5 1 60/5 1 62 


Absolute Maximum Ratings 

Voltage Between V+ and V- 40V 

Differential Input Voltage ±40V 

Peak Output Current Full Short Circuit Protection 

Internal Power Dissipation {Note 2) 675mW 


Operating Temperature Ranges: 


HA-51 60-2 -550C < T A < +1 250C 

HA-5160-5 0°C < T A < +75°C 

HA-51 62-5 0°C < T A < +750C 

Storage Temperature Range -65°C < T A < +1 50°C 

Maximum Junction Temperature (Note 2) +175°c 


Electrical Specifications V+ = +15V, V- = -15V, Unless Otherwise Specified. 




HA-5160-2 
-55°C to 125°C 

HA-5160-5 

0°C to +75°C 

HA-5162-5 

0°C to +750C 


PARAMETER 

TEMP 

| MIN 

1 TYP 

MAX 

| MIN 

1 TYP 1 

MAX 

| MIN | 

1 TYP I 

MAX 

UNITS 


INPUT CHARACTERISTICS 


Offset Voltage 

+250C 

- 

1 

3 

- 

1 

3 

- 

3 

15 

mV 


Full 

- 

3 

5 

- 

3 

5 

- 

5 

20 

mV 

Offset Voltage Average Drift 

Full 

- 

10 

- 

- 

20 

- 

- 

20 

35 

pV/°C 

Bias Current 

+250C 

- 

20 

50 

- 

20 

50 

- 

20 

65 

PA 


Full 

- 

5 

10 

- 

5 

10 

- 

5 

1 

10 

nA 

Offset Current 

+25°C 

- 

2 

10 

- 

2 

10 

- 

2 

10 

PA 


Full 

- 

2 

5 

- 

2 

5 

- 

2 

5 

nA 

Input Capacitance 

+250C 

- 

5 

- 

- 

5 

- 

- 

5 

- 

PF 

Input Resistance 

+250C 

- 

1012 

- 

- 

1012 

- 

- 

1012 

- 

a 

Common Mode Range 

Full 

±10 

±11 

- 

±10 

±11 

- 

±10 

±11 

- 

V 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) 

+250C 

M 

150K 

| 

75K 

1 50K 

wm 

iia 

100K 

mm 



Full 

O 

100K 

■ 

60K 

100K 

B 

Emu 

75K 

B 


-Common Mode Rejection Ratio 
(Note 4) 

Full 

74 

80 

| 

74 

80 

■ 

70 

80 

| 


Minimum Stable Gain 

+250C 

10 

- 


10 

- 

■ 

10 

- 


v/v 

Gain Bandwidth Product 
(Ay >10) 

Full 

- - 

100 

■ 

- 

100 

■ 

- 

100 

■ 

MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing 

+250C 

±10 

±11 

mm 

±10 

±11 

Bl 

±10 

±11 

H 

V 

(Note 5) 

Full 

±10 

±11 

3 

±10 

±11 

B 

±10 

±11 

I 

V 

Output Current (Note 6) 

+25°C 

±10 

±20 

■ 

±10 

±20 

■ 

±10 

±20 

B 

mA 

Output Short Circuit Current 

+25°C 


±35 

■ 

- 

±35 

B 

- 

±35 

I 

mA 

Full Power Bandwidth (Note 3, 7) 

+250C 

1.6 

1.9 

■ 

1.6 

1.9 

8 

0.8 

1.1 

B 

MHz 

Output Resistance (Note 8) 

+25°C 

- 

50 

■ 


50 

B 

- 

50 

B 

a 

TRANSIENT RESPONSE (Note 9) 

Rise Time 

+250C 

- 

20 

■ 

- 

20 

■ 

BBj 

20 

■ 

ns 

Slew Rate 

+250C 

100 

120 

I 

100 

120 

I 

50 

70 

1 

V/ps 

Settling Time (Note 1 0) 

+250C 

- 

280 


- 

280 

B 

- 

400 

IB 

ns 


POWER SUPPLY CHARACTERISTICS 


Supply Current 

Full 

- 

8 

10 

- 

8 

10 

- 

8 

12 

mA 

Power Supply Rejection Ratio 
(Note 11) 

+25QC 

74 

86 

- 

74 

86 

- 

70 

86 

- 

dB 

















































HA-5160/5162 


1. Absolute maximum ratings are limiting values, applied individually, 
beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not 
necessarily implied. 

2. Derate at 6.8mW/°C for operation at ambient temperatures 
above +75°C. 

3. v OUT = ±10V, Rl = 2K 

4. V CM = ±10V DC 

5. R L = 2K 

6. Vqut = ±10V 


7. Full Power Bandwidth guaranteed, based on slew rate 

. . Slew Rate 

measurement using FPWB = — — 

2nV p eak 

8. Output resistance measured under open loop conditions. 

9. Refer to Test circuits section of the data sheet, where 
A V = +10. 

10. Settling Time is measured to 0.2% of final value for a 1 0 volt 
output step and Ay = 10. 

11. VgyppLY = ±10V DC to ±20V DC 


Test Circuits 


LARGE AND SMALL SIGNAL RESPONSE CIRCUIT 



LARGE SIGNAL RESPONSE 
Vertical Scale: A = 0.5V/Div. f B = 5V/Div. 
Horizontal Scale: Time = 500ns/Div. 


SMALL SIGNAL RESPONSE 

Vertical Scale: A = lOmV/Div., B = lOOmV/Div. 
Horizontal Scale: Time = lOOns/Div. 




SETTLING TIME CIRCUIT 
? 1 + 15V 


O TO 

OSCILLOSCOPE 



• Feedback and summing resistors 
should be 0.1% matched. 

* Clipping Diodes are optional. 
HP5082-2810 recommended. 
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BIAS CURRENT (pA) 


HA-5160/5162 
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HA-5160/5162 


Typical Performance Curves (Continued) 

INPUT NOISE VOLTAGE AND 
NOISE CURRENT vs. FREQUENCY 


160 
$ 140 

Hj 120 
ogioo 
8*5 80 
P 60 



1 1 1 

v 

SOURCE RESISTANCE = 100KQ 

\\ 

/ / 1 



v \ 

^ZJ 




^JTI 

\j 

— 



— 

- 






0.8 

0.7 £ 

0.6 x. 

“Ig 

0.4 

0.3 || 

0.2 H 
0.1 Z 


100 IK 10K 

FREQUENCY (Hz) 


NORMALIZED AC PARAMETERS 
vs. TEMPERATURE 



TEMPERATURE (OC) 


OUTPUT VOLTAGE SWING 
vs. LOAD RESISTANCE 


SETTLING TIME FOR VARIOUS 
OUTPUT STEP VOLTAGES 



LOAD RESISTANCE (fi) 



SETTLING TIME (ns) 
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HA-5160/5162 



Die Characteristics 



Transistor Count 


82 

Die Dimensions 

131 x72x 19 mils 


(3330 x 

1830 x 483pm) 

Substrate Potential (Powered Up) 



Process 

Bipolar/JFET Dl 

Thermal Constants (°C/W) 

e ja 

0 jc 

HA2-51 60 (-8, /883) 

103 

31 

(Gold Eutectic Die Attach) 



HA2-51 60/51 62 (-2, -5, -7) 

146 

38 

(Glass Die Attach) 
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HA-5160/5162 


Applying the HA-5160/5162 

1. POWER SUPPLY DECOUPLING: Although not 
absolutely necessary, it is recommended that all power 
supply lines be decoupled with 0.01 pF ceramic 
capacitors to ground. Decoupling capacitors should be 
located as near to the amplifier terminals as possible. 

2. STABILITY: The phase margin of the HA-51 60/51 62 will 
be improved by connecting a small capacitor 
(>10pF) between the output and the inverting input of 


the device This small capacitor compensated for the 
input capacitance of the FET. 

3. CAPACITIVE LOADS: When driving large capacitive 
loads (>100pF), it is suggested that a small resistor 
(»100f2) be connected in series with the output of the 
device and inside the feedback loop. 

4. POWER SUPPLY MINIMUM: The absolute supply 
minimum is ±6V and the safe level is ±7 V. 


Applications 

Suggested Compensation For Unity Gain Stability* 
INVERTING UNITY GAIN CIRCUIT 


INVERTING UNITY GAIN PULSE RESPONSE 




Vertical Scale: (Volts: 2V/Div.) 
Horizontal Scale: (Time: 500ns/Div.) 


NONINVERTING UNITY GAIN CIRCUIT 


NONINVERTING UNITY GAIN PULSE RESPONSE 



Vertical Scale: (Volts: 2V/Div.) 
Horizontal Scale: (Time: 500ns/Div.) 


* Values Were Determined Experimentally 
For Optimum Speed and Settling Time. 
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Features 

• Low Offset Voltage IOOjjV 

• Low Offset Voltage Drift 2 jjV/°C 

• Low Noise 10nV/>/Hz 

• High Open Loop Gain 600K V/V 

• Wide Bandwidth 8MHz 

• Unity Gain Stable 

Description 

The Harris HA-5170 is a precision, JFET input, operational 
amplifier which features low noise, low offset voltage and 
low offset voltage drift. Constructed using FET/Bipolar 
technology, the Harris Dielectric Isolation (Dl) process, 
and laser trimming this amplifier offers low input bias and 
offset currents. This operational amplifier design also 
completely eliminates the troublesome errors due to 
warm-up drift. 

Complementing these excellent input characteristics are 
dynamic performance characteristics never before available 
from precision operational amplifiers. An 8V/ps slew rate 
and 8MHz bandwidth allow the designer to extend 
precision instrumentation applications in both speed and 


Applications 

• High Gain Instrumentation Amplifiers 

• Precision Data Acquisition 

• Precision Integrators 

• Precision Threshold Detectors 

• For Further Design Ideas, Refer to App. Note 540. 


bandwidth. These characteristics make the HA-5170 well 
suited for precision integrator amplifier designs. 

The superior input characteristics also make the HA-5170 
ideally suited for transducer signal amplifiers, precision 
voltage followers and precision data acquisition systems. 
For application assistance , please refer to Application Note 
540 addressing specifically this device. 

The HA-5170 is available in Metal Can (TO-99) and 
Ceramic Mini-DIP packages. HA-5170-2 denotes a -550C 
to +1250C temperature range and HA-5170-5 denotes the 
0°C to +7 50C range. Military version (/883) product and 
data sheets available upon request. 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications HA-5 1 70 


Absolute Maximum Ratings (Note) 
Ta = +25°C, Unless Otherwise Specified. 


Voltage Between V+ and V- Terminals 44.0V 

Differential Input Voltage ±30.0V 

Output Short Circuit Duration Indefinite 

Power Dissipation (Note 2) 675mW 

Maximum Junction Temperature +1 75°C 


Operating Temperature Ranges 

HA-51 70-2 -55°C < Ta < +1 25°C 

HA-5170-5 0°C < T A < +75°C 

Storage Temperature Range -65°C < Ta < +1 50°C 


Electrical Specifications V+ = +15V, V- = -15V, Unless Otherwise Specified. 


PARAMETER 

TEMP 

HA-5170-2 
-55°C to +1 25°C 

HA-5170-5 

OOC to + 750C 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

INPUT CHARACTERISTICS | 

Offset Voltage 

+25°C 

- 

0.1 

0.3 

- 

0.1 

0.3 

mV 


Full 

- 


0.5 

- 

- 

0.5 

mV 

Average Offset Voltage Drift (Note 3) 

Full 

- 

2 

5 

- 

2 

5 

pV/°C 

Bias Current 

+25°C 

- 

20 

100 

- 

20 

100 

PA 


Full 

- 

3 

30 

- 

0.1 

2 

nA 

Bias Current Average Drift 

Full 

- 

3 

- 

- 

3 

- 

pA/OC 

Offset Current 

+25°C 

- 

3 

30 

- 

3 

60 

pA 


Full 

- 

- 

5 

- 

- 

0.1 

nA 

Offset Current Average Drift (Note 3) 

Full 

- 

0.3 

1 

- 

0.3 

1 

pA/OC 

Common Mode Range 

Full 

±10 

+15.1 

- 

±10 

+15.1 

- 

V 




-12 



-12 


V 

Differential Input Capacitance 

+25°C 

- 

80 

100 

- 

80 

100 

PF 

Differential Input Resistance (Note 3) 

+25°C 

1x10*10 

6x10 10 

- 

IxIOlO 

6x1 0 10 

- 

n 

Input Capacitance (Single Ended) 

+25°C 

- 

12 

- 

- 

12 

- 

PF 

Input Noise Voltage 

+25°C 

- 

0.5 

5 

- 

0.5 

5 

pVp-p 

0.1 HztolOHz (Note 3) 









Input Noise Voltage Density (Note 3) 









f 0 = 10Hz 

+25°C 

- 

20 

150 

- 

20 

150 

nV/v/Hz 

f 0 = 100Hz 

+25°C 

- 

12 

50 

- 

12 

50 

nVA/Hz 

f 0 = 1000Hz 

+25°C 

- 

10 

25 

- 

10 

25 

nV/v/Hz 

Input Noise Current Density (Note 3) 









f 0 = 10Hz 

+25°C 

- 

0.05 

- 

- 

0.05 

- 

pAA/Hz 

f 0 = 100Hz 

+25°C 

- 

0.01 

- 

- 

0.01 

- 

pAA/Hz 

f 0 = 1000Hz 

+25°C 

- 

0.01 

0.1 

- 

0.01 

0.1 

pA/v/Hz 

| TRANSFER CHARACTERISTICS | 

Large Signal Voltage Gain (Notes 4) 

+25°C 

300K 

600K 

- 

300 K 

600K 

- 

V/V 


Full 

200K 

- 

- 

250K 

- 

- 

V/V 

Common Mode Rejection Ratio (Note 5) 

Full 

85 

100 

- 

90 

100 

- 

dB 

Minimum Stable Gain 

+25°C 

1 

- 

- 

1 

“ 

- 

V/V 

Closed Loop Bandwidth (AycL = +1) 

+25°C 

4 

8 

- 

4 

8 

- 

MHz 

| OUTPUT CHARACTERISTICS | 

Output Voltage Swing (Note 6) 

+25°C 

±10 

±12 

- 

±10 

±12 

- 

V 

Full Power Bandwidth (Note 7) 

+25°C 

80 

120 

- 

80 

120 

- 

kHz 

Output Current (Note 8) 

+25°C 

±10 

±15 

j 

±10 

±15 

- 

mA 

Output Resistance (Note 3 & 9) 

+25°C 


45 

100 

- 

45 

100 

n 

| TRANSIENT RESPONSE | 

Rise Time 


_ 

45 

100 

_ 

45 

100 

ns 

Slew Rate 

+25°C 

5 

8 

- 

5 

8 

- 

V/ps 

Settling Time (Notes 3 & 1 0) 

+25°C 

- 

1 

5 


1 

5 

ps 

| POWER SUPPLY CHARACTERISTICS | 

Supply Current 

Full 

- 

1.9 

2.5 


1.9 

2.5 

mA 

Power Supply Rejection Ratio (Note 1 1 ) 

Full 

85 

105 

- 

90 

105 

- 

dB 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually beyond 
which the serviceability of the circuit may be impaired. Functional operability 
under any of these conditions is not necessarily implied. 

2. Derate at 6.8 mW/°C for operation at ambient temperatures above +75°C. 

3. Parameter is not 100% tested. 90% of ail units meet or exceed these specifications. 

4. V OUT = ±10, R l = 2kn. 

5. AV CM = ±10V D.C. 

6. R l = 2kft. 


7. R l = 2kO; Full power bandwidth guaranteed based on slew rate 
measurement using FPBW = SLEW RATE 

2;iV PEAK 

8. Vqut = ±10V. I sc turns on at = 23mA. 

9. Output resistance measured under open loop conditions (f = 100Hz). 

10. Settling time is measured to 0.1% of final value for a 10V output step 
and Ay = -1. 

11. AV SUP p LY » ±10V D.C. to ±20V D.C. 



3-449 


OPERATIONAL 

AMPLIFIERS 




























HA-5170 


Test Circuits 


V 0 s adjustment 


LARGE AND SMALL SIGNAL 
RESPONSE CIRCUIT 





Tested Offset Adjustment Range is I Vqs +1 mV I minimum referred to output. 
Typical range is ±5mV with Ry = IkO and ±15mV with Ry = lOOkO. 


LARGE SIGNAL RESPONSE 

Vertical Scale: 5V/Div. 
Horizontal Scale: 1 jis/Div. 


SMALL SIGNAL RESPONSE 

Vertical Scale: lOmV/Div. 
Horizontal Scale: lOOns/Div. 
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HA-5170 LOW FREQUENCY NOISE (0.1 Hz TO 10Hz) 











Vertical Scale: 200nV/Div. (Noise Referred to Input) 











5mV/Div. at Output, A\/CL = 25,000. 


LOW FREQUENCY NOISE TEST CIRCUI1 
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Horizontal Scale: 1 Sec./Div. 
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HA-5177 


August 1991 


Ultra-Low Offset Voltage 
Operational Amplifier 


Features 

• Low Offset Voltage IOjjV 

• Low Offset Voltage Drift O.IjjV/oc 

• High Voltage Gain 1 50dB 

• High CMRR 140dB 

• High PSRR 135dB 

• Low Noise S.SnV/Y/Hz 

• Low Power Consumption 51mWMax. 

Description 


The HA-5177 is a monolithic, all bipolar, precision opera- 
tional amplifier, utilizing Harris dielectric isolation and 
advance processing techniques. This design features a 
combination of precision input characteristics, wide 
bandwidth (2MHz) and high speed (0.8V/ns). 

The HA-5177 uses advanced matching techniques and 
laser trimming to produce low offset voltage (1 OjjV) and low 
offset voltage drift (0.1 fjV/°C). This design also features low 
voltage noise (8.8nV/>/Hz), low current noise (0.32pA/ 
\/Hz), nanoamp input currents, and 120dB minimum gain. 


Applications 

• High Gain Instrumentation Amplifiers 

• Precision Control Systems 

• Precision Integrators 

• High Resolution Data Converters 

• Precision Threshold Detectors 

° Low Level Transducer Amplifiers 


These outstanding features along with high CMRR (140dB) 
and high PSRR (135dB) make this unity gain stable 
amplifier ideal for high resolution data acquisition systems, 
precision integrators, and low level transducer amplifiers. 

The HA-5177 can be used as a direct replacement for the 
OP05, OP07, and OP77 while offering higher bandwidth 
and slew rate. The HA-5177 is packaged in an 8 pin 
(TO-99) Metal Can and Ceramic 8 pin Mini-DIP and is pin 
compatible with many existing op amps. See the HA-51 77/ 
883 data sheet for military grade parts and LCC package. 


Pinouts 


Schematic 


HA7-5177 (CERAMIC MINI-DIP) 
TOP VIEW 



BAL 

V+ 

OUT 

NC 


HA2-5177 (TO-99 METAL CAN) 
TOP VIEW 

BAL 




CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications HA-5 1 77 


Absolute Maximum Ratings (Note 1 ) 

Voltage Between V+ and V- Terminals 44V 

Differential Input Voltage ±15V 

Output Current Short Circuit Protected 


Operating Temperature Ranges 

HA-51 77A/51 77-2 -55°C < T A < +1 25°C 

HA-51 77A/51 77-5 0°C < T A < +750C 

Storage Tem perature Range -65°C < T A < +1 50°C 

Maximum Junction Temperature +175°C 


Electrical Specifications V+ = +15V, V- = -15V, Unless Otherwise Specified 



INPUT CHARACTERISTICS 


Offset Voltage 

Average Offset Voltage Drift 
Bias Current 

Bias Current Average Drift 
Offset Current 

Offset Current Average Drift 
Common Mode Range 
Differential Input Resistance 
Input Noise Voltage 0.1 Hz to 1 0Hz 
Input Noise Voltage Density 
f 0 = 10Hz 
f Q = 100Hz 
f 0 = 1000Hz 

Input Noise Current 0.1 Hz to 1 0Hz 
Input Noise Current Density 
f Q = 10Hz 
f Q = 100Hz 
f Q = 1000Hz 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 2) 

Common Mode Rejection Ratio (Note 3) 
Closed Loop Bandwidth (Avql = +1 ) 


OUTPUT CHARACTERISTICS 




TRANSIENT RESPONSE 


Rise Time (Note 10) 

Slew Rate (Note 11) 
Settling Time (Notes 7, 8) 
Overshoot (Note 1 0) 


POWER SUPPLY CHARACTERISTICS 


Supply Current 

Power Supply Rejection Ratio (Note 9) 


1. Absolute maximum ratings are limiting values, applied individually 
beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 

2. Vqut = ±10V, R L = 2kQ 

3. AV cm = ±10V D.C. 

4. R L = 2K 


47 

0.35 0.6 


+25°C 134 150 

Full 126 140 

Full 120 140 

+25°C 0.6 2 



Output Voltage Swing R[_ = 6000 

+25°C 

±10 

±12.5 

R L = 2K 

+25°C 

±12 

±13 

R L =2K 

Full 

±12 

±12.5 

Full Power Bandwidth (Note 5) 

+25°C 

8 

10 

Output Current (Note 6) 

+25°C 

15 

20 

Output Resistance 

+25°C 

- 

60 



13 18 nV/v/Hz 

10 13 nV/\/Hi 

8.8 1 1 nV/^/Hz 

14 45 pAn-n 


126 150 

120 140 

110 140 

0.6 2 


±10 

±12.5 

±12 

±13 

±12 

±12.5 

8 

10 

15 

20 

- 

60 




Full 

_ 

1.2 

1.7 

_ 

1.2 

1.7 

mA 

Full 

110 

135 

- 

110 

135 

- 

dB 


5. Full power bandwidth guaranteed based on slew rate measurement 

Slew Rate 

using FPBW = ■ , Vpg^K “* 10V. 

2 n VppAi< 

6. V OUT = ±10. 

7. Refer to test circuits section of the data sheet. 

8. Settling time is measured to 0.1 % of final value for a 1 0V output step and 
Av = +1. 

9. AVg(jpPLY = ±10V D.C. to ±20V D.C. 

10. Ay - 1 , Rl = 2K, VqUT = ±200mV 

11. A v = 1. R L = 2K, V OUT = 0 to ±3V 
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HA-5177 



Test Circuits 


SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT 


SMALL SIGNAL RESPONSE 

Vertical Scale: (Volts: lOOmV/Div.) 
Horizontal Scale: (Time: 2jis/Div.) 


LARGE SIGNAL RESPONSE 

Vertical Scale: (Volts: 5V/Div.) 
Horizontal Scale: (Time: 5ps/Div.) 


SETTLING TIME CIRCUIT 


2N4416 


• Feedback and summing resistors 
should be 0.1% matched. 


Clipping diodes are optional. 
HP5082-2810 recommended. 
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HA-5177 


Typical Performance Curves v s = ±isv, t a = +250C 



0.01 0.1 1 10 100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 


VARIOUS CLOSED LOOP GAINS vs. FREQUENCY 
R[_ = 2K, Cl = 50pF 



100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 




CLOSED LOOP GAIN AND PHASE vs. FREQUENCY 

A V = -1, R L = 2K, Cl = 50pF 



10 100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 


CLOSED LOOP GAIN AND PHASE vs. FREQUENCY 
Ay = +1, R L = 2K, Cl = 50pF 
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HA-5177 



INPUT NOISE CURRENT pA/\/Hz 






HA-5177 
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HA-5177 


Typical Performance Curves v s = ±isv, t a = +2500 


SMALL SIGNAL BANDWIDTH AND PHASE MARGIN vs. 
LOAD CAPACITANCE 

Ay = +1 



PEAK-TO-PEAK NOISE 0.1Hz TO 10Hz 

A V - 25,000, 0.22pV p _p RTI 



OCT®] 

Ilf i h fe# i 

1300 

aaltMiL^ 
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fsapaFSl 
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im 


OPEN LOOP GAIN vs. TEMPERATURE 



TEMPERATURE (°C) 


OPEN LOOP GAIN vs. SUPPLY VOLTAGE 



SUPPLY VOLTAGE (+V) 


OUTPUT SHORT CIRCUIT CURRENT vs. TIME 

Vin = ±10V, A V = -1 
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HA-5177 


Applications Information 

Operation Below ±5V Supply Input Protection 

The HA-5177 performs well down to ±5V supplies. The HA-5177 input stage has built in back-to-back protec- 

.. .. . .. .. . . .. , . . . tion diodes with series current limiting resistors. 

At ±5V supplies there is a slight degradation of slew rate and 

open loop gain. There is very little change in bias currents 
and offset voltage. 

Offset Adjustment 

The following is the recommended Vio adjust configuration: 

+ 15V 


V - 


The Bias currents will increase when a differential voltage of 
0.7 volts is exceeded. 

The internal current limiting resistors sufficiently limit current 
therefore, no external resistors are required. 

Refer to the “Bias Current vs. Differential Input Voltage” curve 
Setting Rp = 20K will give an adjustment range of ±2.6mV. in the Typical Performance Curves section. 

Die Characteristics 

Transistor Count 71 

Die Dimensions 102x71.7x19 mils 

(2590 x 1820 x 485|jm) 

Substrate Potential* V- 

Process High Frequency Bipolar Dl 

Passivation Silox 

Thermal Constants (OC/W) 0j a 0j C 

Ceramic Mini-DIP, HA7-5 177 154 74 

Metal Can TO-99,HA2-51 77 124 38 

* The substrate may be left floating (insulating Die Mount) or it may be mounted 
on a conductor at V- potential. 
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HA- 5190/95 


August 1991 


Wideband, Fast Settling 
Operational Amplifier 


Features 

• Fast Settling Time (0.1%) 70ns 

• Very High Slew Rate 200V/ps 

® Wide Gain-Bandwidth (A V > 5) 1 50MHz 

• Power Bandwidth 6.5MHz 

• Low Offset Voltage 3mV 

• Input Noise Voltage enV/^/Hz 


• Monolithic Bipolar D.l. Construction 

Description 

HA-5190/5195 are monolithic operational amplifiers 
featuring an ultimate combination of speed, precision, and 
bandwidth. Employing monolithic bipolar construction 
coupled with Dielectric Isolation, these devices are capable 
of delivering an unparalleled 200V/ps slew rate with a 
settling time of 70ns (0.1%, 5 V output step). These truly 
differential amplifiers are designed to operate at gains > 5 
without the need for external compensation. Other 
oustanding HA-5190/5195 features are 150MHz gain- 
bandwidth-product and 6.5MHz full power bandwidth. In 
addition to these dynamic characteristics, these amplifiers 
also have excellent input characteristics such as 3 mV offset 
voltage and 6.0nV/>/Hz input voltage noise at 1 kHz. 


Applications 

• Fast, Precise D/A Converters 

• High Speed Sample-Hold Circuits 

• Pulse and Video Amplifiers 

• WideBand Amplifiers 

• Replace Costly Hybrids 


With 200V/(is slew rate and 70ns settling time, these devices 
make ideal output amplifiers for accurate, high speed D/A 
converters or the main components in high speed sample/hold 
circuits. The 5190/5195 are also ideally suited for a variety of 
pulse and wideband video amplifiers. Please refer to Applica- 
tion Notes 525 and 526 for some of these application designs. 
The HA-5190 is specified over the -55°C to +125°C range 
while the HA-5195 is specified from 0°C to +75°C. The HA- 
51 90/51 95 are available in 12 pin Metal Can (TO-8) and 14 
pin Ceramic DIP packages. The HA-5195 is also available in 
SOIC packaging. At temperatures above +75°C a heat sink is 
required for the HA-5190 (see Note 2 and Application Note 
556). For military versions, please request the HA-5190/883 
data sheet. 


Pinouts top views 

HA1 -51 90/51 95 (CERAMIC DIP) 



HA2-51 90/51 95 (TO-8 METAL CAN) 

.OUT 


Case Tied To V- 



Schematic 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjj e jvj um ber 2914 

Copyright © Harris Corporation 1991 
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Specifications HA-5190/5195 


Absolute Maximum Ratings (Note i) 

Voltage Between V+ and V- Terminals 35 V 

Differential Input Voltage. ±6V 

Output Current 50mA (Peak) 

Internal Power Dissipation (Note 2) 870m W (Cerdip); 

1W (TO-8) Free Air 

Maximum Junction Temperature (Note 2) +1 75°C 


Operating Temperature Ranges 

HA-51 90-2 -550C < Ta < +1 250C 

HA-51 95-5 0°C < T A < +75°C 

Storage Temperature Range -65°C < T A < +1 50°C 


Electrical Specifications VsuPPLY = ±1 5 V; R L = 200n, Unless Otherwise Specified. 



HA-5190-2 


TYP MAX 


HA-5195-5 


TYP MAX 


INPUT CHARACTERISTICS 


Offset Voltage 

Average Offset Voltage Drift 
Bias Current 

Offset Current 

Input Resistance 

Input Capacitance 

Common Mode Range 

Input Noise Current (f = 1 kHz, Rg = Oft) 

Input Noise Voltage (f = 1 kHz, Rg = OO) 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Notes 3) 

Common Mode Rejection Ratio (Note 4) 
Minimum Stable Gain 
Gain-Bandwidth-Product (Notes 5 & 6) 


OUTPUT CHARACTERISTICS 




- 

3 

5 

- 

- 

10 

- 

20 

- 

- 

5 

15 

- 

- 

20 

- 

1 

4 

- 

- 

6 

- 

10 

- 

- 

1 

- 

±5 

- 

- 

- 

5 

- 

- 

6 

- 






10K 

30K 

5K 

- 

74 

95 

5 

- 

- 

150 



Output Voltage Swing (Note 3) 

Full 

±5 

±8 


Output Current (Note 3) 

+25°C 

±25 

±30 


Output Resistance 

+250C 

- 

30 


Full Power Bandwidth (Note 3 & 7) 

+250C 

5 

6.5 



±5 

±8 

±25 

±30 

- 

30 

5 

6.5 


TRANSIENT RESPONSE (Note 8) 


Rise Time 
Overshoot 
Slew Rate 
Settling Time: 

5V Step to 0.1% 

5V Step to 0.01% 
2.5V Step to 0.1% 
2.5V Step to 0.01% 


POWER SUPPLY CHARACTERISTICS 


Supply Current 

Power Supply Rejection Ratio (Note 9) 



19 

28 

90 

- 




3 

6 

mV 

- 

10 

mV 

20 

- 

pV/°C 

5 

15 

pA 

- 

20 

pA 

1 

4 

pA 

- 

6 

PA 

10 

- 

kn 

1 

- 

PF 

- 

- 

V 

5 

- 

pAVHz 

6 

- 

nV/v/Hz 



NOTES: 



1. 

Absolute Maximum Ratings are limiting values applied individually 

4. 

AV C m - ±5V. 


beyond which the serviceability of the circuit may be impaired. Func- 
tional operation under any of these conditions is not necessarily 

5. 

Vqut = 9° m v. 


implied. 

6. 

A v = 10 . 

2. 

Recommended heat sinks: For TO-8 Metal Can, Thermalloy 

7. 

Full power bandwidth guaranteed based on slew rate measurement 


#2240A (0 S A = 27°C/W) or #2268B (8 SA = 24°C/W). For 14 pin 
Ceramic DIP: AAVID #5602B (0 SA = 16°C/W). See Die Characte- 


usina FPBW = Slew Rate 

2nV PEAK 


ristics Section for 0j a /0j C values. 

8. 

Refer to Test Circuits section of data sheet. 

3. 

R l = 2000, C L < lOpF, Vqut = ±5V. 

9. 

AVsupPLY " ±10V D.C. to ±20V D.C. 
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HA-5190/5195 


Test Circuits 


LARGE AND SMALL SIGNAL RESPONSE 
TEST CIRCUIT* 



LARGE SIGNAL RESPONSE 

Vertical Scale: (Volts: A = 2.0V/Div., B = 4.0/Div.) 
Horizontal Scale: (Time: lOOns/Div.) 


A V = 5 
* C L < 10pF 


SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: A = 50mV/Div. f B = lOOmV/Div.) 
Horizontal Scale: (Time: lOOns/Div.) 




SETTLING TIME TEST CIRCUIT 


+ V .OOIjlF 


SETTLE 

POINT 



PROBE 

MONITOR 


» Load Capacitance should be less than lOpF. 

> It is recommended that resistors be carbon composition and 
that feedback and summing network ratios be matched to 0.1 %. 

» Settle Point (Summing Node) capacitance should be less than 
lOpF. For optimum settling time results, it is recommended that 
the test circuit be constructed directly onto the device pins. A 
Tektronix 568 Sampling Oscilloscope with S-3A sampling 
heads is recommended as a settle point monitor. 
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HA-5190/5195 


Typical Performance Curves v+ = +isv, v- = -isv, Ta = + 250 C, Unless otherwise Specified. 


INPUT OFFSET VOLTAGE AND 
BIAS CURRENT vs. TEMPERATURE 


OPEN LOOP FREQUENCY RESPONSE 



+80 +120 +160 



IK 10K 100K 1MEG 10MEG 100MEG 

FREQUENCY -(Hz) 


OUTPUT VOLTAGE SWING vs. FREQUENCY 


NORMALIZED AC PARAMETERS vs. TEMPERATURE 



100K 1MEG 

FREQUENCY -(Hz) 


10MEG 100MEG 







' 

— 


1 

SLEWRATE 






/I 

BANDWIDTI- 

— 


s 












0 +40 +80 

TEMPERATURE -(oC) 


NORMALIZED AC PARAMETERS vs. 
LOAD CAPACITANCE 


INPUT NOISE VOLTAGE AND 
NOISE CURRENT vs. FREQUENCY 






BANDWIDTH^^ 



slewratF^^ 









100 200 
LOAD CAPACITANCE - (pF) 


hZ'lllllfcZQIIIIIIII 


100 IK 

FREQUENCY (Hz) 
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INPUT NOISE CURRENT (pA/Hz) 





COMMON MODE REJECTION RATIO (dB) OUTPUT VOLTAGE SWING - (VOLTS) 


HA-5190/5195 


Typical Performance Curves (Continued) 

OUTPUT VOLTAGE SWING vs. LOAD RESISTANCE 
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HA-5190/5195 


Applying the HA-51 90/51 95 

1. POWER SUPPLY DECOUPLING: Although not 
absolutely necessary, it is recommended that all 
power supply lines be decoupled with 0.01 |jF ceramic 
capacitors to ground. Decoupling capacitors should be 
located as near to the amplifier terminals as possible. 

2. STABILITY CONSIDERATIONS: HA-5190/5195 is 
stable at gains > 5. Gains < 5 are covered elsewhere in 
this data sheet. Feedback resistors should be of carbon 
composition located as near to the input terminals as 
possible. 

3. WIRING CONSIDERATIONS: Video pulse circuits 
should be built on a ground plane. Minimum point to 
point connections directly to the amplifier terminals 


should be used. When ground planes cannot be used, 
good single point grounding techniques should be 
applied. 

4. OUTPUT SHORT CIRCUIT: HA-5190/5195 does not 
have output short circuit protection. Short circuits to 
ground can be tolerated for approximately 1 0 seconds. 
Short circuits to either supply will result in immediate 
destruction of the device. 

5. HEAVY CAPACITIVE LOADS: When driving heavy 
capacitive loads ( > lOOpF) a small resistor ( 100H) 
should be connected in series with the output and in- 
side the feedback loop. 


Typical Applications (Also see Application Notes 525 and 526) 


SUGGESTED COMPENSATION FOR UNITY GAIN STABILITY: NONINVERTING 




Vertical Scale: (Volts: 2V/Div.) 
Horizontal Scale: (Time: 1 0Ons/Div.) 


Vertical Scale: (Volts: 2V/Div.) 
Horizontal Scale: (Time: lOOns/Div.) 


m 

ris 

■ 

K 

■ 

■ 
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■ 
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■ 

mm 

mm 
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* Values were determined experimentally for optimum speed and settling time. R1 and Cl should be optimized for each 
particular application to ensure best overall frequency response. 


Vertical Scale: (Volts: 2V/Div.) 
Horizontal Scale: (50ns/Div.) 
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Typical Applications (Continued) 

VIDEO PULSE AMPLIFIER/750 COAXIAL DRIVER VIDEO PULSE AMPLIFIER COAXIAL LINE DRIVER 




FAST DAC OUTPUT BUFFER 


GAIN 




-15V 


Vertical Scale: (Volts: 2V/Div.) 
Horizontal Scale: (Time: 50ns/Div.) 
B = Vqut C = Digital Input 



* Time delay between B and C represents total time delay for 0 V to +5V full 
scale coded change. 


Die Characteristics 

Transistor Count 49 

Die Dimensions 0.087 x 0.052 x 0.01 9 inches 

(2210 x 1320 x 483 jam) 

Substrate Potential (Powered Up)* V- 

Process High Frequency Bipolar Dielectric Isolation 

Passivation Nitride 

Thermal Constants (°C/W) 0j a 0j c 

Ceramic DIP 104 48 

Metal Can 87 32 

*The substrate may be left floating (Insulating Die Mount) or it may be 
mounted on a conductor at V- potential. 
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August 1991 


HA-522 1/22 

Low Noise, Wideband 
Precision Operational Amplifier 


Features 


Applications 

• Gain Bandwidth Product 

100MHz 

• Precision Test Systems 

• Unity Gain Bandwidth 


• Active Filtering 

• High Slew Rate 

25V//JS 

• Small Signal Video 

• Low Offset Voltage 

0.3mV 

• Accurate Signal Processing 

• High Open Loop Gain 

1 28dB 

• RF Signal Conditioning 

• Channel Separation @ 10kHz 

IIOdB 


• Low Noise Voltage @ 1 kHz 

3.4nV/\/Hz 


• High Output Current 

56mA 


• Low Supply Current per Amplifier .. 

8mA 


Description 



The HA-5221 /5222 are single and duai high performance 
dielectrically isolated, monolithic op amps, featuring 
precision DC characteristics while providing excellent AC 
characteristics. Designed for audio, video, and other 
demanding applications, noise (3.4nVA/Hz @ 1kHz), total 
harmonic distortion (<0.005%), and DC errors are kept to 
a minimum. 

The unique design of the HA-5221 /5222 gives them out- 
standing AC characteristics not normally associated with 
precision op amps, high unity gain bandwidth (35MHz) and 
high slew rate (25 V/ jjs). Other key specifications include high 
CMRR (95dB) and high PSRR (lOOdB). The combination of 
these specifications will allow the HA-5221 /5222 to be used 
in RF signal conditioning as well as video amplifiers. 

The precision performance is shown by low offset voltage 
(0.3mV), low bias currents (40nA), low offset currents 
(15nA), and high open loop gain (128dB). The combination 
of these excellent DC characteristics with the fast settling 
time (0.4fis) make the HA-5221 /5222 ideally suited for 
precision signal conditioning. 

The performance of the HA-522 1/5222-9 is guaranteed 
from -40°C to +850C, while the HA-5221 /5222-5 is 
guaranteed from 0°C to +75°C. The HA-5221 is available 
in 8 pin Ceramic Mini-DIP and 8 pin Metal Can (TO-99) 
and the HA-5222 is available in the 8 pin Ceramic Mini-DIP. 
For MIL-STD-883C compliant product and Ceramic LCC 
packaging, consult the HA-522 1/5222/883C data sheet. 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2915 
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Specifications HA-5221 /22 


Absolute Maximum Ratings (Note 1) 


Voltage Between V+ and V- Terminals 35 V 

Differential Input Voltage (Note 14) 5V 

Output Current Short Circuit Duration Indefinite 


Operating Temperature Ranges 

HA-5221 /5222-9 -40°C < T A < +850C 

HA-5221 /5222-5 0°C<T A <+75°C 

Storage Temperature Range -65°C < T A < +1 50°C 

Maximum Junction Temperature +1 75°C 


Electrical Specifications V+ = 15V, V- = -15V, Unless Otherwise Specified 


PARAMETER 

TEMP 

HA-5221 -9 & HA- 

5222-9 

HA-5221 -5 & HA- 

5222-5 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

INPUT CHARACTERISTICS | 

Input Offset Voltage 

+25°C 

- 

0.30 

0.75 

- 

0.30 

0.75 

mV 


Full 

- 

0.35 

1.5 

- 

0.35 

1.5 

mV 

Average Offset Voltage Drift 

Full 

- 

0.5 

- 

- 

0.5 

- 

MV/OC 

Input Bias Current 

+25°C 

- 

40 

80 

- 

40 

100 

nA 


Full 

- 

70 

200 

- 

70 

200 

nA 

Input Offset Current 

-F25°C 

- 

15 

50 

- 

15 

100 

nA 


Full 

- 

30 

150 

- 

30 

150 

nA 

Input Offset Voltage Match 

+25°C 

- 

400 

750 

- 

400 

750 

mV 


Full 

- 

- 

1500 

- 

- 

1500 

mV 

Common Mode Range 

+25°C 

±12 

- 

- 

±12 

- 

- 

V 

Differential Input Resistance 

+25°C 

- 

70 

- 

- 

70 

- 

kn 

Input Noise Voltage f Q = 0.1 Hz to 10Hz 

+25°C 

- 

0.25 

- 

- 

0.25 

- 

MVp-p 

Input Noise Voltage f o = 10Hz 

+25°C 

- 

6.2 

10 

- 

6.2 

10 

nV/\/Hz 

Density (Note 2, 15) f Q = 100Hz 

+25°C 

- 

3.6 

6 

- 

3.6 

6 

nV/x/Hz 

f Q = 1000Hz 

+25°C 

- 

3.4 

4.0 

- 

3.4 

4.0 

nV/v/Hz 

Input Noise Current f o =10Hz 

+25°C 

- 

4.7 

8.0 

- 

4.7 

8.0 

pA/x/Hz 

Density (Note 2, 15) f 0 = 100Hz 

-F25°C 

- 

1.8 

2.8 

- 

1.8 

2.8 

pA/x/Hz 

f Q = 1000Hz 

+25°C 

- 

0.97 

1.8 

- 

0.97 

1.8 

pA/v/Hz 

THD+N (Note 3) 

+25°C 

- 

<0.005 

- 

- 

<0.005 

- 

% 

TRANSFER CHARACTERISTICS | 

Large Signal Voltage Gain (Note 4) 

+25°C 

106 

128 

■ 

106 

128 

■ 

dB 


Full 

100 

120 

P ' 

100 

120 


dB 

Common Mode Rejection Ratio (Note 5) 

Full 

86 

95 

■ v . 

86 

95 


dB 

Unity Gain Bandwidth (-3dB) 

+25°C 

- 

35 

■ 

- 

35 

H - ■ 

MHz 

Gain Bandwidth Product (1 kHz to 400kHz) 

Kmm 

- 

100 


- 

100 

^ - ■ 

MHz 

Minimum Stable Gain 

■eh 

1 

- 

p p 

1 

- 

pm 

V/V 

OUTPUT CHARACTERISTICS | 

Output Voltage Swing Rl = 3330 

Full 

±10 

- 

■ 

±10 

- 

PPPI 

V 

R L = IK 

+25°C 

±12 

±12.5 


±12 

±12.5 


V 

R l = IK 

Full 

±11.5 

±12.1 

H 

±11.5 

±12.1 


V 

Output Current (Note 6) 

Full 

±30 

±56 


±30 

±56 


mA 

Output Resistance 

+25°C 

- 

10 

■ ' 

- 

10 

p p 

n 

Full Power Bandwidth (Note 7) 

+25°C 

238 

398 

- ■ 

238 

398 


kHz 

Channel Separation (Note 8) 

+25°C 

- 

110 

P 

- 

110 

mm 

dB 

TRANSIENT RESPONSE (Note 13) | 

Slew Rate (Note 9, 15) 

Full 

15 

25 

- 


25 

- 

V/ps 

Rise Time (Note 1 0, 1 5) 

Full 

- 

13 

20 

- 

13 

20 

ns 

Overshoot (Note 1 0, 1 5) 

Full 

- 

28 

50 

“ 

28 

50 

% 

Settling Time (Note 1 1) 0.1% 

+25°C 

- 

0.4 

- 


0.4 

- 

MS 

0.01% 

+25°C 

- 

1.5 

- 

- 

1.5 

- 

MS 

POWER SUPPLY | 

PSRR (Note 1 2) 

Full 

86 

100 

- 

86 

100 

- 

dB 

Supply Current 

Full 

- 

8 

11 

- 

8 

11 

mA/Op Amp 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, beyond which the 
serviceability of the circuit may be impaired. Functional operation under any of these 
conditions is not necessarily implied. 

2. Refer to typical performance curve in data sheet. 

3. A\zql = 10, f 0 = 1kHz, Vq = 5Vrms, Rl = 6000, 10Hz to 100kHz, Minimum resolution 
of test equipment is 0.005%. 

4. VquT = 0 to ±10V, R|_ = IK, Cl = 50pF. 

5. V CM = ±10V. 

6. V OUT = ±10V. 

7. Full Power Bandwidth is calculated by: FPBW = Slew Rate, Vpjr A K = 10V. 

2 " V PEAK 


8. HA-5222 only, f Q = 1 0kHz, R L = 1 K, C L = 50pF. 

9. VquT = ±2.5 V, R L = IK, C L = 50pF. 

10. VquT = ±100mV, Rl = IK, Cl — 50pF. 

11. Settling time is specified for a 10V step and 
A V = -1. 

12. V s = ±10V to ±20 V. 

13. See Test Circuits. 

14. Input is protected by back-to-back zener diodes. 
See applications section. 

15. Guaranteed by characterization. 
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HA-522 1/22 


Test Circuits 

TRANSIENT RESPONSE TEST CIRCUIT 

Vj N 0 

= 1 ^ 


qVqut 



S IK I 

I 50pf 

LARGE SIGNAL RESPONSE 


V ^ 

7 

SMALL SIGNAL RESPONSE 

V 0 UT = ±2.5V 

Vertical Scale: 2V/div Horizontal Scale: 

200ns/div 

VquT " ±100mV 

Vertical Scale: lOOmV/div Horizontal Scale: 200ns/div 

+ 2 . 5 v MBsam 

■ 

+100mV l 

ihm : " - T • ^ 



SETTLING TIME TEST CIRCUIT 
— ♦ O VoctTI P 



Ay = -1 

Feedback and summing resistors must be matched 
( 0.1 %). 

HP5082-2810 clipping diodes recommended. 
Tektronix P6201 FET probe used at settling point. 
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Typical Performance Curves Vs = ±isv, Ta = 25°c 


OPEN LOOP GAIN AND PHASE vs FREQUENCY 
R|_ = IK, Cl = 50pF 


CLOSED LOOP GAIN vs FREQUENCY 
Av = +1 , Rl = 1 K, Cl = 50pF 


FREQUENCY (Hz) 

FREQUENCY (Hz) 

CLOSED LOOP GAIN vs FREQUENCY 

Av = -1, Rl = IK, C L = 50pF 

VARIOUS CLOSED LOOP GAINS vs FREQUENCY 
RL = IK, Cl = 50pF 


FREQUENCY (Hz) 

FREQUENCY (Hz) 

CMRR vs FREQUENCY 

A V = +1, R L = IK 

PSRR vs FREQUENCY 
A V = +1, R L = IK 
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HA-522 1/22 



Typical Performance Curves Vs = ±isv, Ta = 25°c 


BANDWIDTH AND PHASE MARGIN vs LOAD CAPACITANCE 


SHORT CIRCUIT OUTPUT CURRENT vs TIME 


m 


0.1Hz TO 1Hz 1MHz 

Vertical Scale: 1 0mV/div Horizontal Scale: 1 S/div 
Aw = +25,000 (1 .5pVp-p RTI) 


0.1Hz TO 10Hz NOISE 

Vertical Scale: 1 mV/div Horizontal Scale: 1 S/div 
Au = +25,000 (0.1 68|iVp-p RTI) 
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Typical Performance Curves v$ = ±isv, Ta = 250c 


OUTPUT VOLTAGE SWING vs FREQUENCY 
Av = +1 , Rl = 1 K, Cl = 1 5pF, THD <0.01 % 


OUTPUT VOLTAGE SWING vs LOAD RESISTANCE 

A V = +1, THD <0.01%, f = 1kHz 



FREQUENCY (Hz) 



LOAD RESISTOR (Ohms) 


SUPPLY CURRENT/AMPLIFIER vs TEMPERATURE 


CHANNEL SEPARATION vs FREQUENCY 
(HA-5222 only) 




TEMPERATURE ("C) 


FREQUENCY (Hz) 
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Applications Information 

Operation at Various Supply Voltages 

The HA-5221 /5222 operates over a wide range of supply 
voltages with little variation in performance. The supplies 
may be varied from ±5 volts to ±15 volts. See typical 
performance curves for variations in supply current, slew 
rate and output voltage swing. 

Offset Adjustment 

The following diagram shows the offset voltage adjustment 
configuration for the HA-5221. By moving the potentio- 
meter wiper towards pin 8 (+BAL), the op amps output 
voltage will increase; towards pin 1 (-BAL) decreases the 
output voltage. 




A 20kfi trim pot will allow an offset voltage adjustment of 
about 10 mV. 

Capacitive Loading Considerations 

When driving capacitive loads >80pF, a small resistor, 50 to 
100H, should be connected in series with the output and 
inside the feedback loop. 

Saturation Recovery 

When an op amp is over driven, output devices can saturate 
and sometimes take a long time to recover. By clamping the 
input, output saturation can be avoided. If output saturation 
can not be avoided, the maximum recovery time when 
overdriven into the positive rail is 10.6ps. When driven into 
the negative rail the maximum recovery time is 3.8ps. 

Input Protection 

The HA-5221 /5222 has built in back-to-back protection 
diodes which limit the maximum allowable differential input 
voltage to approximately 5 volts. If the HA-5221/5222 will 
be used in circuits where the maximum differential voltage 
may be exceeded, then current limiting resistors must be 
used. The input current should be limited to a maximum 
of 10mA. 


PC Board Layout Guidelines 

When designing with the HA-5221 or the HA-5222, good 
high frequency (RF) techniques should be used when building 
a p.c. board. Use of ground plane is recommended. Power 
supply decoupling is very important. A 0.01 pf to 0.1 pf high 
quality ceramic capacitor at each power supply pin with a 
2.2 pf to lOpf tantalum close by will provide excellent 
decoupling. Chip capacitors produce the best results due to 
ease of placement next to the op amp and basically no lead 
inductance. If leaded capacitors are used, the leads should 
be kept as short as possible to minimize lead inductance. 

Die Characteristics 

Transistor Count 

HA-5221 64 

HA-5222 128 

Die Dimensions 

HA-5221 94x 72 x 19mils 

(2400 x 1840 x 480pm) 

HA-5222 185x78 x 19mils 

(4690 x 1980 x 480pm) 

Substrate Potential* V- 

Process High Frequency, Bipolar, Dl 

Passivation Silox 

Thermal Constants (°C/W) 8j a 0j c 

HA2-5221 163 36 

HA7-5221 152 76 

HA7-5222 134 59 

•The substrate may be left floating (Insulating Die Mount) or it may be on a 
conductor at V- potential. 


3-476 





3-477 



HA-522 1/22 







Features Applications 

• Low Offset Voltage 300fiV (Max) • Audio Amplifiers 

• Low Offset Drift 2|jV/0C • Low Impedance Sensors 

• Low Supply Current <1mA/Amp • Universal Active Filters 

• High Gain, CMRR and PSRR • Process Control Equipment 


Description 

The HA-5232 and HA-5234 are dual and quad precision 
bipolar-input op amps. They are intended for use in multi- 
channel data acquisition systems where moderate-to-high 
level of accuracy is required. This relatively high level of 
accuracy is maintained across temperature with an Average 
Offset Drift of 2\xMPC for the high grade parts. 

The HA-5232 and HA-5234 were designed to offer a 
solution between the lower performance parts like the 
HA-4741 or CA324 and the higher priced precision 
multiple op amps like the OP-400. These parts will allow the 
designer to get a relatively high level of precision in his 
transducer preamp without having to worry about offset 
trimming. 


Large volume applications will be in process control and en- 
vironment monitoring where many low impedance sensors 
such as thermocouples, thermistors, strain gauges, and 
pressure transducers are used to assess the state of the 
system. Other systems with similar requirements include 
mainframe computers, aircraft, and semiconductor fab and 
test equipment. 

The HA-5232 and HA-5234 are available in commercial 
and industrial temperature ranges, and a choice of pack- 
ages. See the “Ordering Information” section below for 
more information. 

For military grade product, refer to the HA-5232/883 and 
HA-5234/883 data sheet. 


Pinouts 


Ordering Information 


HA9P5232 (8 PIN SOIC) 
HA3-5232 (8 PIN PLASTIC DIP) 
TOP VIEW 



HA3-5234 (14 PIN PLASTIC DIP) 
TOP VIEW 



HA9P5234 (16 PIN SOIC) 
TOP VIEW 



PART 

NUMBER 

TEMPERATURE 

RANGE 

PACKAGE 

HA3-5232-5/A-5 

0°C to +70°C 

8 Pin Plastic DIP 

HA9P5232-5/A-5 

OOCto +70°C 

8 Pin SOIC 

HA3-5234-5/A-5 

0°C to +70°C 

1 4 Pin Plastic DIP 

HA9P5234-5/A-5 

OOCto +70°C 

16 Pin SOIC 

HA3-5232-9/A-9 

-40°C to +85°C 

8 Pin Plastic DIP 

HA9P5232-9/A-9 

-40°C to +85°C 

8 Pin SOIC 

HA3-5234-9/A-9 

-40°C to +85°C 

14 Pin Plastic DIP 

HA9P5234-9/A-9 

-40°C to +85°C 

16 Pin SOIC 


The functional pinouts will comply to the JEDEC standards for dual and quad op 
amps as shown above. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 
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Specifications HA-5232 HA-5234 


Absolute Maximum Ratings Operating Temperature Ranges 

Voltage Between V+ and V- 36 V HA-5232-5, HA-5234-5 0°C < Ta < +75°C 

Common Mode Voltage ^SUPPLY HA-5232-9, HA-5234-9 -40°C < Ta < +85°C 

Differential Input Voltage ^SUPPLY Storage Temperature Range -65°C < Ta < +1 50°C 

Output Current Short Circuit Protected Maximum Junction Temperature -FI75°C 


Electrical Specifications Vqupply = ±15V, R[_ = lOOkfl, Cl = 20pF Unless Otherwise Specified 



1. V CM = ±10V 

2. R L = 2K 

3. Rl = 2K, C L = lOOpF, Vqut = +10V, A v = +1 

4. I Vg I = 3V to 18V 
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August 1991 


HA-7712 

HA-7713 

Low Power Precision BiMOS 
Operational Amplifiers 


Features 

• Low Power: HA-7712 150pA 

HA-7713 1 5(jA 

• Low Offset Voltage: A Grade 250 jjV 

B Grade 500jliV 

• Wide Operating Voltage Range 4V to 1 6V 


• Low Input Bias Current 

• Common Mode Range Includes the Negative Rail 

• Output Voltage Swing to ±100mV of Supplies 

• High Input Impedance 1012 

• High Gain, CMRR and PSRR 

Applications 

• Portable Instruments 
° Telephone Headsets 

• Hearing Aid/Microphone Amplifiers 


Description 

The HA-7712/13 are monolithic single operational 
amplifiers which use Harris’ new BiMOS process. They of- 
fer precision performance and low power consumption, 
with quiescent currents of 150pA for the HA-7712 and 
1 5|jA for the HA-77 1 3. These op amps have an input offset 
voltage of less than 250|jV, an input offset current below 
lOpA, and an open-loop gain of 115dB. 

The HA-7712/13 will operate at supply voltages ranging 
from ±2V to ±8V. The wide common mode voltage range, 
which includes the negative supply, allows for amplification 
of signals including ground in a single supply application. 

The HA-7712/13 are available in commercial and industrial 
temperature ranges. The high performance and low power 
consumption make the HA-7712/13 ideal for industrial 
applications. 


• Medical Instrumentation 

• Meter Amplifiers 

• High Performance Buffers 

• Hand-Held Instrumentation 


Pinouts 


OUTLINE DRAWING 
8-PIN MINIDIP 
TOP VIEW 


OUTLINE DRAWING 
8-PIN SOIC 
TOP VIEW 


OUTLINE DRAWING 
8-PIN TO-99 
TOP VIEW 



NC 

V+ 

OUTPUT 

OFFSET 



NC 

V+ 

OUTPUT 

OFFSET 


NC 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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HA-7712 HA-7713 


Block Diagram 



Detailed Description 

Overview 

The HA-7712/13 BiMOS op amps are pin compatible with 
the ICL-7611 CMOS op amp, however pin 8 on the 
HA-771 2/13 is not connected (pin 8 on the ICL-761 1 is the 
Iq set pin , which is not required for the HA-7712/13). The 
HA-7712 has a quiescent current of 150 jliA, and the 
HA-7713 has a quiescent current of 15 jjA. 

These op amps operate with supply voltages of ±2 V to ±8V. 
They have very low offset voltages: 250pV for the A grade 
and 500jjV for the B grade. The HA-7712/13 op amps 
offer high open-loop gain, CMRR, PSRR, slew rate and 
unity-gain bandwidth. They also have excellent noise per- 
formance due to p-channel inputs and NPN loads. The 
common mode voltage range of the HA-7712/13 op amps 
include the negative supply rail which allows for amplication 
of signals including ground in a single supply application. 

Static Protection 

All devices are static protected by the use of input protec- 
tion diodes. However, strong static fields should be 
avoided, as it is possible for the strong fields to cause 
degraded diode junction characteristics, which may result 
in increased input leakage currents. 

Latch up Avoidance 

Junction-isolated BiMOS circuits employ configurations 
which produce a parasitic 4-layer (p-n-p-n) structure. The 
4-layer structure has characteristics similar to an SCR and 
under certain circumstances may be triggered into a low 
impedance state resulting in excessive supply current. To 


avoid this condition, no voltage greater than 0.3V beyond 
the supply rails may be applied to any pin. In general, the op 
amp supplies must be established simultaneously with, or 
before any input signals are applied. If this is not possible, 
the drive circuits must limit input current flow to 2mA to 
prevent latchup. 

Output Stage and Load Driving Considerations 

The HA-7712/13 op amps consist of three gain stages: 
input stage, intermediate stage and output stage. The quies- 
cent current flows primarily in the intermediate and output 
stages. The intermediate stage is for level shifting and the 
output stage consists of a common source p-channel 
device for sourcing current and a common emitter NPN for 
sinking current. The outputs swing to almost the supply rails 
for output loads of 1 MCt for the HA-7713 and lOOkH for the 
HA-7712. The gain of the op amp is directly proportional to 
the load impedance. 

Input Offset Nulling 

Offset nulling may be achieved by connecting a 20k£} pot 
between the OFFSET terminals with the wiper connected to 
V-. If offset nulling is not required, the OFFSET terminals 
should be left open. 

Frequency Compensation 

The HA-7712/1 3 are internally compensated and are stable 
for closed loop gains as low as unity with capacitive loads 
up to lOOpF. 
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Specifications HA-7712 HA-7713 


Absolute Maximum Ratings 

Total Supply Voltage (V+ to V-) 18V 

Input Voltage (V+ +0.3V)to(V- -0.3V) 

Differential Input Voltage ±[(V+ +0.3V)- (V- -0.3V)] 

Duration of Output Short Circuit Indefinite 

Current Into Any Pin 10mA 

Continuous Total Power Dissipation (T A = +25°C) 

Plastic Package 250mW 

SOIC Package 200mW 

TO-99 250mW 


Storage Temperature Range -65°C to +1 50°C 

Lead Temperature (Soldering, 1 0 sec) +300°C 

Operating Temperature Range 

HA-771 2/1 3-5 (Commercial) 0°C to +70°C 

HA-771 2/1 3-9 (Industrial) -40°C to +85°C 


Stress above those listed under “ Absolute Maximum Ratings ' ' may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


Electrical Specifications Test Conditions: V+ = +5V, V- = -5 V,T a = +25°C Unless Otherwise Specified. 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

HA-771 2/1 3A 

HA-771 2/1 3B 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

Vos 

HA-771 2 Rl = lOOkH 
HA-771 3 R[_ = 1 Mfl 








T A = +25°C 

- 

- 

250 

- 

- 

500 

pV 

0°C<T a <+70°C 

- 

- 

350 

- 

- 

650 

WEM\ 

-40°C < T A < +85°C 

- 

- 

400 

- 

- 

700 


Average Temperature 
Coefficient of Input 
Offset Voltage 

AVqs/AT 

HA-771 2 R|_ = lOOkH 
HA-771 3 R[_ = 1 Mfl 

“ 

2 

“ 

~ 

2 

- 

jiV/0C 

Change in Input Offset 
With Time (Note 3) 

AV os /At 

HA-77 1 2 R l = 1 OOkfl 
HA-771 3 Rl = 1 Mfl 

- 

2 

- 

- 

2 

- 

fiV/month 

Input Offset Current 
!•(-)-•(+) l(Notel) 

•os 

T A = +25°C 

- 

- 

10 

- 

- 

10 

pA 

0°C < T A < +70°C 

- 

- 

25 

- 

- 

25 

PA 

-40°C <T A < +85°C 

- 

- 

40 

- 

- 

40 

pA 

Input Bias Current 

1 !(+),!(-) 1 (Note 1) 

•bias 

T a = +25°C 

- 

- 

20 

- 

- 

20 

pA 

0°C < T A < +70°C 

- 

- 

50 

- 

- 

50 

PA 

-40°C < T A < +85°C 

- 

- 

80 

- 

- 

80 

pA 

Output Voltage Swing 

v OUT 

HA-771 2 R L =100kn 
HA-771 3 R[_ = 1 Mfl 








T a = +25°C 

±4.95 

- 

- 

±4.95 

- 

- 

V 

Tmin <t a <t M ax 

±4.9 

- 

- 

±4.9 

- 

- 

V 

Input Resistance 

Rin 


- 

1012 

- 

- 

1012 

- 

n 

Large Signal Voltage 
Gain 

AvOL 

HA-771 2 RL=100kn 
HA-771 3 R L =1Mfl 








T A = +25°C 

108 

115 

- 

100 

110 

- 

dB 

0°C < T A < +70°C 

103 

- 

- 

95 

- 

- 

dB 

-40°C < T a < +85°C 

98 

- 

- 

90 

- 


dB 

Unity Gain Bandwidth 

GBW 

HA-771 2 R|_ = 100kn 

- 

1000 

- 

- 

1000 


kHz 

HA-7713 Rl = 1 Mfl 

- 

120 

- 

- 

120 

- 

kHz 
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Specifications HA-7712 HA-7713 


Electrical Specifications (Continued) Test Conditions: V+ = +5V, V- = -5V, Ta = +25°C, Unless Otherwise Specified. 



1 . Parameter guaranteed by design and characterization, and is not produc- 3. Long term input offset voltage stability refers to the average trend line of 

tion tested. Vqs vs time over extended periods after the first 24 hours of operation. 

2. Typical values are guaranteed by design and characterization, and are not 
production tested. 


Ordering Information 
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H FA-0001 


August 1991 


Ultra High Slew Rate 
Operational Amplifier 


Features 

• Unity Gain Bandwidth 350MHz 

• Full Power Bandwidth 53MHz 

• High Slew Rate 1000V/|js 

• High Output Drive ±50mA 

• Monolithic Construction 

Applications 

• RF/IF Processors 

• Video Amplifiers 

• High Speed Cable Drivers 

• Pulse Amplifiers 

° High Speed Communications 

• Fast Data Acquisition Systems 

Description 

The HFA-0001 is an all bipolar op amp featuring high slew rate (1000V/ 
jis), and high unity gain bandwidth (350MHz). These features combined 
with fast settling time (25ns) make this product very useful in high speed 
data acquisition systems as well as RF, video, and pulse amplifier de- 
signs.Other outstanding characteristics include low bias currents (15pA), 
low offset current (18fiA), and low offset voltage (6mV). 

The HFA-0001 offers high performance at low cost. It can replace hybrids 
and RF transistor amplifiers, simplifying designs while providing increased 
reliability due to monolithic construction. To enhance the ease of design, 
the HFA-0001 has a 50 Cl ±20% resistor connected from the output of the 
op amp to a separate pin. This can be used when driving 50D strip line, 
microstrip, or coax cable. 

The performance of the HFA-0001 -9 is guaranteed from -40°C to +850C, 
while the HFA-0001 -5 is guaranteed from 0°C to +75°C. The HFA-0001 
is available in 16 pin SOIC, 8 pin Plastic Mini-Dip and 14 pin Sidebraze 
packages. For MIL-STD-883 compliant product and Ceramic LCC 
package consult the HFA-0001 /883 datasheet. 


Pinouts 


HFA3-0001-5 {PLASTIC MINI-DIP) 
TOP VIEW 



HFA1-0001-5/-9 (CERAMIC SIDEBRAZE DIP) 
TOP VIEW 



HFA9P0001-5 (WIDE BODY SOIC) 
TOP VIEW 




CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pj| e Number 2916 

Copyright © Harris Corporation 1991 
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Specifications H FA-0001 


Absolute Maximum Ratings (Note 1) 
Voltage Between V+ and V- Terminals 

12V 

Operating Temperature Range 

HFA-0001-9 

. -40°C < Ta < +85°C 

Differential Input Voltage 

5V 

HFA-0001-5 

. . . 0°C < T A < +750C 

Common Mode Input Voltage 

±4V 

Storage Temperature 

-65°C < T A < +1 50°C 

Output Current 


Maximum Junction Temperature 

+1750C 

Electrical Specifications v+ = +5V, v- = 

-5V, Unless Otherwise Specified 



PARAMETER 


INPUT CHARACTERISTICS 


| HFA-0001-9 

TEMP I MIN I TYP 


HFA-0001-5 


TYP MAX I 


Offset Voltage 


Average Offset Voltage Drift 


Bias Current 


Offset Current 


Common Mode Range 

Differential Input Resistance 

Input Capacitance 

Input Noise Voltage 

0.1 Hz to 10Hz 


10Hz to 1MHz 

Input Noise Voltage 

f 0 = 10Hz 

f 0 = 100Hz 

f 0 = 1000Hz 

Input Noise Current 

f o = 10Hz 


f Q = 100Hz 


f 0 = 1000Hz 


High 
Low 
+2 50C 
Full 

+2 50C 
Full 

+25°C 

+25°C 

+250C 

+250C 

+25°C 

+250C 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 2) 


Common Mode Rejection Ratio (Note 3) 


Unity Gain Bandwidth 
Minimum Stable Gain 


OUTPUT CHARACTERISTICS 



- 

6 

30 

- 

4.5 

30 

- 

12.5 

50 

- 

50 

- 

- 

100 

- 

- 

15 

100 

- 

20 

100 

- 

18 

50 

- 

22 

50 

±3 

- 

- 

- 

10 

- 

- 

2 

- 

- 

3.5 

- 

- 

6.7 

- 


640 

- 

- 

170 

- 

- 

43 

- 

- 

2.35 

- 

- 

0.57 

- 

- 

0.16 

- 


Output Voltage Swing R|_ = 1 00fl 

+25°C 

II 

-j 

<r 

+250C 


High 


Low 

Full Power Bandwidth (Note 5) 

+25°C 

Output Resistance, Open Loop 

+25°C 

Output Current 

Full 


- 

6 

30 

- 

4.5 

30 

- 

12.5 

35 

- 

50 

- 

- 

100 

- 

- 

15 

100 

- 

20 

100 

- 

18 

50 

- 

22 

50 

±3 

- 

- 

- 

10 

- 

- 

2 

- 

- 

3.5 

- 

- 

6.7 

- 

- 

640 

- 

- 

170 

- 

- 

43 

- 

- 

2.35 

- 

- 

0.57 

- 

- 

0.16 

- 
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Specifications HFA-0001 


Electrical Specifications (Continued) V+ = +5V, V- = -5V, Unless Otherwise Specified 


HFA-0001 -9 


HFA-0001 -5 


PARAMETER 


TRANSIENT RESPONSE 


MIN TYP MAX | MIN TYP MAX I 



Rise Time (Note 4, 6) 

Slew Rate (Note 4, 7) 

R|_ = 1K 

Settling Time (3V Step) 

R L =ioon 

0.1% 

Overshoot (Note 4, 6) 




Supply Current 

Full 

- 

65 

75 

- 

65 

Power Supply Rejection Ratio (Note 8) 

+25°C 

40 

42 

- 

37 

42 


High 

35 

41 

- 

35 

41 


Low 

40 

42 

- 

37 

42 


1. Absolute maximum ratings are limiting values, applied individually, 5. Full Power Bandwidth is calculated by equation: 
beyond which the serviceability of the circuit may be impaired. Functional Slew Rate 

operation under any of these conditions is not necessarily implied. FPBW =~ ” .Vpeak = 3.0V 


2. V 0 UT = 0 to ±2V, R L = 1 K 

3. AV CM = ±2V 

4. R L = 100ft 


Test Circuits 

LARGE SIGNAL RESPONSE TEST CIRCUIT 


Slew Rate 

FPBW = .Vpeal 

2 n Vpeak 

6. Vqut ~ ±200mV, A\j — +1 

7. Vqut = ±3V, A \j = +1 

8. AV S = ±4V to ±6 V 



SMALL SIGNAL RESPONSE TEST CIRCUIT 


£ f OVOUT 

>1K =“ 20pF 



— OVouT 
ioon 


LARGE SIGNAL RESPONSE 
VouT = 0 to 3V 

Vertical Scale: IV/Div. Horizontal Scale: 2ns/Div. 



SMALL SIGNAL RESPONSE 
Vqut = 0 to 200mV 

Vertical Scale: lOOmV/Div. Horizontal Scale: 2ns/Div. 



NOTE: Initial step in output is due to fixture feedthrough 
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H FA-0001 


Test Circuits (Continued) 


SETTLING TIME SCHEMATIC 


PROPAGATION DELAY 

Vertical Scale: 500mV/Div. Horizontal Scale: 2ns/Div. 
A V = +1, Rl = 100n, Vqut = 0 to 3V 


VSETTLE 




NOTE: Test Fixture delay of 450ps is included 


Typical Performance Curves Vs = ±sv, Ta = +25°c, Unless otherwise Specified 


OPEN LOOP GAIN AND PHASE vs FREQUENCY 

r l = ioon 


CLOSED LOOP GAIN vs FREQUENCY 
A v = +1, R[_ = ioon, Rp = son 


H ■■■■■■! 
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10M 100M 

FREQUENCY (Hz) 


CLOSED LOOP GAIN vs FREQUENCY 


CLOSED LOOP GAIN vs FREQUENCY 



a v = +io, r l = ioon 


■llllll 

■mil 

■mu 
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■llllll 
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■Mil 
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■■III 

■■III 
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H FA-0001 


Typical Performance Curves (Continued) v$ 

RISE TIME vs TEMPERATURE 
A V = + 1 , R|_ = loon, Vqut = o to 200mV 



±5V, Ta = +25°C, Unless Otherwise Specified 


CMRR vs FREQUENCY 




100K 1M 10M 100M 1G 

FREQUENCY (Hz) 


OFFSET VOLTAGE vs TEMPERATURE 
3 Representative Units 



BIAS CURRENT vs TEMPERATURE 

3 Representative Units 


OFFSET CURRENT vs TEMPERATURE 

3 Representative Units 
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PSRR (dB) SLEW RATE (V/jjls) 


H FA-0001 
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PEAK OUTPUT VOLTAGE SWING (V) 


H FA-0001 


Typical Performance Curves (Continued) Vs = ±5V, Ta = + 25 OC, Unless Otherwise Specified 


SUPPLY CURRENT vs TEMPERATURE 


< 

E 


D. 

Q. 

D 

w 



TEMPERATURE (°C) 


MAXIMUM OUTPUT VOLTAGE SWING vs FREQUENCY 
Ay = +1, R l = 1000, THD < 1% 



1M 10M 100M 1 G 

FREQUENCY (Hz) 


OUTPUT VOLTAGE SWING vs LOAD RESISTANCE 
Ay = +1 , f 0 = 50kHz, THD < 1% 

5.0 

4.5 

4.0 

3.5 

3.0 

2.5 

2 .°; 

1.5 

1.0 

0.5 

0 

10 100 IK 10K 

LOAD RESISTANCE (XI) 


INPUT NOISE vs FREQUENCY 



OPEN LOOP GAIN vs LOAD RESISTANCE 
V 0 UT = ±2V 



10 100 IK 10K 

LOAD RESISTANCE ( A ) 


INPUT NOISE vs FREQUENCY 



100 IK 10K 100K 

FREQUENCY (Hz) 
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H FA-000 1 


Typical Performance Curves (Continued) Vs 

= ±5V, Ta = +25°C, Unless Otherwise Specified 

INPUT VOLTAGE NOISE 

INPUT NOISE VOLTAGE 

0.1Hz to 10Hz 

10Hz to 1MHz 

A v = 50, Noise Voltage = 1.605pV rms (RTI) 

A y = 50, Noise Voltage = 5.36jiV rms (RTI) 

Noise Voltage = 10.12pVp-p 

Noise Voltage = 29.88pVp-p 


:0PM 8 U2R 8 


188jfW 



■ ' ; H.'tV 1.685)> ROU ■ ■ 


Applications Information 

Offset Adjustment 

When applications require the offset voltage to be as low as 
possible, the figure below shows two possible schemes for 
adjusting offset voltage. 




Adjustment 
Ranges ±V 


FIGURE 1. INVERTING GAIN 


For a voltage follower application, use the circuit in Figure 2 
without R2 and with Ri shorted. R1 should be IMft to 
lOMft. the adjustment resistors will cause only a very small 
gain error. 



PC Board Layout Guidelines 

When designing with the HFA-0001, good high frequency 
(RF) techniques should be used when making a PC board. 
A massive ground plane should be used to maintain a low 
impedance ground. Proper shielding and use of short 
interconnection leads are also very important. 

To achieve maximum high frequency performance, the use 
of low impedance transmission lines with impedance 
matching is recommended: 50ft lines are common in com- 
munications and 75ft lines in video systems. Impedance 
matching is important to minimize reflected energy 
therefore minimizing transmitted signal distortion. This is 
accomplished by using a series matching resistor (50ft or 
75 ft), matched transmission line (50ft or 75ft), and a 
matched terminating resistor, as shown in the figure below. 
Note that there will be a 6dB loss from input to output. The 
HFA-0001 has an integral 50ft ±20% resistor connected to 
the op amps output with the other end of the resistor pinned 
out. This 50ft resistor can be used as the series resistor in- 
stead of an external resistor. 


50ft COAX CABLE 



Adjustment p 

Range ±V — - 

Ri 


FIGURE 2. NON-INVERTING GAIN 
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H FA-0001 
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Applications Information (Continued) 

PC board traces can be made to look like a 50fi or 75 Cl 
transmission line, called microstrip. Microstrip is a PC 
board trace with a ground plane directly beneath, on the 
opposite side of the board, as shown below. 

SIGNAL 



When manufacturing pc boards, the trace width can be 
calculated based on a number of variables. The following 
equation is reasonably accurate for calculating the proper 
trace width for a 50CI transmission line. 


Z0 = 


87 

VEr+1.41 


In 



n 


Power supply decoupling is essential for high frequency op 
amps. A 0.01 jif high quality ceramic capacitor at each 
supply pin in parallel with a 1|jf tantalum capacitor will 
provide excellent decoupling as shown in Figure 3. Chip 
capacitors produce the best results due to ease of 
placement next to the op amp and they have negligible lead 
inductance. If leaded capacitors are used, the leads should 
be kept as short as possible to minimize lead inductance. 
The figures below illustrate two different decoupling 
schemes. Figure 4 improves the PSRR because the resistor 
and capacitors create low pass filters. Note that the supply 
current will create a voltage drop across the resistor. 

Saturation Recovery 


When an op amp is over driven output devices can saturate 
and sometimes take a long time to recover. By clamping the 


input to safe levels, output saturation can be avoided. If out- 
put saturation cannot be avoided, the recovery time from 
25% over-drive is 20ns and 30ns from 50% over-drive. 

Thermal Management 

The HFA-0001 can sink and source a large amount of 
current making it very useful in many applications. Care 
must be taken not to exceed the power handling capability 
of the part to insure proper performance and maintain high 
reliability. The following graph shows the maximum power 
handling capability of the HFA-0001 without exceeding the 
maximum allowable junction temperature of 175°C. The 
curves also show the improved power handling capability 
when heatsinks are used based on AVVID heatsink 
#5801 B for the 8 pin Plastic DIP and IERC heatsink 
#PEP50AB for the 14 pin Sidebraze DIP. These curves are 
based on natural convection. Forced air will greatly improve 
the power dissipation capabilities of a heatsink. 



Thermal Constants (°C/W) 9j a 0j c 

HFA1-0001-5/-9 75 13 

HFA3-0001-5 98 36 

HFA9P-0001 -5/-9 96 27 




FIGURE 3. POWER SUPPLY DECOUPLING FIGURE 4. IMPROVED DECOUPLING/CURRENT LIMITING 
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Features 

• Wide Gain Bandwidth Product 1GHz 

• High Slew Rate 250V/jus 

• High Open Loop Gain 105V/mV 

• Low Offset Voltage 0.6mV 

• Low Power Consumption 143mW 

• Low Input Voltage Noise @ 1 KHz 2.7nV/ v /Hz 

• Monolithic Construction 

Applications 

• RF/IF Processors 

• Video Amplifiers 

• Radar Systems 

• Pulse Amplifiers 

• High Speed Communications 

• Fast Data Acquisition Systems 

Description 

The HFA-0002 is a very wideband, high slew rate, op amp, featuring 
precision DC characteristics. Stable in gains of 10 or greater this all bipolar 
op amp offers a combination of AC and DC performance never seen before 
in monolithic form. 

The high gain bandwidth product (1GHz) and high slew rate (250V/|js) 
make this op amp ideal for use in video and RF circuits. The low offset 
voltage (0.6mV), low bias current (0.23[iA), and low voltage noise (2.7nV/ 
^/Hz) specifications combined with the excellent AC characteristics make 
this op amp ideal for high speed data acquisition systems with high 
accuracy. 

The HFA-0002-9 operates over the -40°C to +850C temperature range, 
while the H FA-0002-5 operates over 0°C to +75°C. The HFA-0002 
is available in 8 pin SOIC, 8 pin Ceramic Sidebraze DIP, 8 pin Plastic DIP, 
and 8 pin TO-99 Metal Can packages. For MIL-STD-883 compliant 
product and Ceramic LCC package consult the HFA-0002/883 datasheet. 




CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 
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Specifications HFA-0002 


Absolute Maximum Ratings (Note i) Operating Temperature Range 

Voltage Between V+ and V- Terminals 12V HFA-0002-9 -40°C <Ta < +85°C 

Differential Input Voltage 5V HFA-0002-5 0°C <T;\ < +75°C 

Common Mode Input Voltage ±5V Storage Temperature -65°C <Ta<+150°C 

Output Current ±20mA Maximum Junction Temperature +175°C 


Electrical Specifications +V = +5V, -V = -5 V, Unless Otherwise specified 


PARAMETER 

TEMP 

HFA-0002-5/-9 

UNITS 

MIN 

TYP 

MAX 

INPUT CHARACTERISTICS | 

Offset Voltage 

+25°C 

- 

0.6 

1 

mV 


Full 

- 

1.2 

2 

mV 

Average Offset Voltage Drift 

Full 

- 

2.0 

- 

pV/oc 

Bias Current 

+25°C 

- 

0.23 

1.0 

pA 


High 

- 

0.1 

1.0 

pA 


Low 

- 

0.32 

2.0 

pA 

Offset Current 

+25°C 

- 

0.12 

1.0 

pA 


Full 

- 

0.16 

1.0 

pA 

Common Mode Range 

Full 

±2.5 

- 

- 

V 

Differential Input Resistance 

+25°C 

- 

1 

- 

Mn 

Input Capacitance 

+25°C 

- 

2 

- 

PF 

Input Noise Voltage 0.1 Hz to 10Hz 

+25°C 

- 

5.1 

- 

nVrms 

10Hz to 1MHz 

+25°C 

- 

375 

- 

nVrms 

Input Noise Voltage f Q = 1 0Hz 

+25°C 

- 

8.9 

- 

nV/v/Fk 

f 0 = 100Hz 

+25°C 

- 

3.7 

- 

nV/v/Hz 

f 0 = 1000Hz 

+25°C 

- 

2.7 

- 

nV/v/Hz 

Input Noise Current f© = 1 0Hz 

+25°C 

- 

25 

- 

pA/v/Hz 

f Q = 100Hz 

+25°C 

~ 

8.4 

- 

pA/v/Hz 

f 0 = 1000Hz 

+25°C 


4.5 

- 

pA/v/Hz 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 2, 4) 

Full 

80 

105 

- 

V/mV 

Common Mode Rejection Ratio (Note 3) 

+25°C 

100 

110 

- 

dB 


Full 

90 

108 

- 

dB 

Gain Bandwidth Product f Q = 1 MHz 

+25°C 

“ 

1 

- 

GHz 

Minimum Stable Gain 

Full 

10 

- 

- 

V/V 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 4) 

Full 

±3.5 

±3.9 

- 

V 

Full Power Bandwidth (Note 5) 

+25°C 

10.6 

13.3 

- 

MHz 

Output Resistance, Open Loop 

+25°C 

- 

5 

- 

n 

Output Current 

Full 

±10 

±12 

- 

mA 

TRANSIENT RESPONSE 

Rise Time (Note 4, 6) 

-f25°C 

- 

3.2 

- 

. ns 

Slew Rate (Note 4, 7, 1 0) 

+25°C 

200 

250 

- 

V/ps 

Settling Time (Note 4, 7) 

+25°C 

- 

50 

- 

ns 

Overshoot (Note 4, 6) 

+25°C 

- 

30 

- 

% 

POWER SUPPLY CHARACTERISTICS 

Supply Current 

Full 

- 

14 

20 

mA 

Power Supply Rejection Ratio (Note 8) 

Full 

90 

99 

- 

dB 
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Specifications HFA-0002 


1. Absolute maximum ratings are limiting values, applied individually, 6. Vqut = ±100mV, Ay = +10 

beyond which the serviceability of the circuit may be impaired. Functional ... . 

* . , .. .... . , 7. VnuT = ±3V. Aw = +10 

operation under any of these conditions is not necessarily implied. ^ Ul v 


2. V 0UT = ±3V 

3. AV CM = ±2V 

4. R L = 5K, C L = 20pF 

5. Full Power Bandwidth is guaranteed by equation: 

iilp.w-RatP- w , 

FPB = „ w , , Vpeak = 3.0V 

2n Vpeak 

Test Circuits 


7. Vqut = ±3V. A V = +1 o 

8. AV S = ±4V to ±6V 
9- v OUT = ±3.5V 

10. This parameter is not tested. This limit is gauranteed based on lot 
characterization and reflects lot to lot variation. 


LARGE & SMALL SIGNAL RESPONSE TEST CIRCUIT 
V,N ° T 9 9 O VQUT 


io c 

, 1 

IX. 

1 

50ft < 

J 

L 

► 

► 

L 

— 1 

4.5K > 


LARGE SIGNAL RESPONSE 
Input: 0.2V/Div. Output: 2V/Div. 
Horizontal Scale: 20ns/Div. 



SMALL SIGNAL RESPONSE 
Input: lOmV/Div. Output: lOOmV/Div. 



SETTLING TIME SCHEMATIC 



VSETTLE 


Ay = -1 

Feedback and summing resistors must be matched 

( 0 . 1 %) 

HP5082-281 0 clipping diodes recommended 
' Tektronix P6201 FET probe used at settling point 
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PEAK OUTPUT VOLTAGE (± V) OFFSET CURRENT (nA) OFFSET VOLTAGE (mV) 


H FA-0002 


Typical Performance Curves (Continued) Vs = ±5V f Ta = +250C, Unless Otherwise Specified 


1.0 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

- 0.1 
- 0.2 
-0.3 
-0.4 
-0.5 
- 0.6 
-0.7 
- 0.8 
-0.9 
- 1.0 


OFFSET VOLTAGE vs TEMPERATURE 

4 Representative Units 


0 20 40 60 80 100 120 

TEMPERATURE (OQ 



OFFSET CURRENT vs TEMPERATURE 

4 Representative Units 


OPEN LOOP GAIN vs TEMPERATURE 
Rl_ — 5K, VquT = 0 to ±3H 



TEMPERATURE (<>C) 


TEMPERATURE (OC) 


OUTPUT VOLTAGE SWING vs TEMPERATURE OUTPUT CURRENT vs TEMPERATURE 

R L = 5K V 0 UT = ±3V 









HFA-0002 


Typical Performance Curves (Continued) Vs = ±5V, Ta = +25°C, Unless Otherwise Specified 


CMRR vs TEMPERATURE 

V C m = 0 to ±3 V 


PSRR vs TEMPERATURE 

A Vo = ±4V to ±6V 


EMIHH 


TEMPERATURE (°C) 


TEMPERATURE (°C) 


SUPPLY CURRENT vs SUPPLY VOLTAGE 


SUPPLY CURRENT vs TEMPERATURE 


SUPPLY VOLTAGE (+ V) 


TEMPERATURE (°C) 


OUTPUT VOLTAGE SWING vs FREQUENCY 
A V - +10, Rl = 5K, 


OPEN LOOP GAIN vs LOAD RESISTANCE 
VquT = +3V 


■■■mi 

■mu 

■■■mi 

■mu 

■■mi 

ii 

■mu 

■■mi 

ii 

■mu 

■mini 

■■■in 

■(■■■ii 

■■hi 


■mi 

■■m 


■mi 

■■m 


■mi 

■■m 


■mi 

■■mu 

■mi 


nun 

min 


Mil 

mill 


mu 
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H FA-0002 


Typical Performance Curves (Continued) V$ = ±5V, Ta = +25°C, Unless Otherwise Specified 

OUTPUT VOLTAGE SWING vs LOAD RESISTANCE RISE TIME vs TEMPERATURE 




LOAD RESISTANCE (SI) 


INPUT NOISE vs FREQUENCY 



FREQUENCY (Hz) 


INPUT NOISE vs FREQUENCY 




INPUT NOISE VOLTAGE 

10Hz to 1MHz 

Ay = 25,000, Noise Voltage = 17.89nV rms (RTi) 


INPUT NOISE VOLTAGE 
0.1Hz to 10Hz 

A V = 25,000, Noise Voltage = 3.31nV rms (RTI) 
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Applications Information 

Offset Voltage Adjustment 


The HFA-0002, due to its low offset voltage, will typically 
not require any external offset adjustment If certain applica- 
tions do require lower offset, the following diagram shows 
one possible configuration. 


+ 5V 

9 



The power supply lines must be well decoupled to filter any 
power supply noise. A 20K trim pot will allow an offset 
adjustment of about 3mV, referred to input. 

PC Board Layout Guidelines 

When designing with the HFA-0002, good high frequency 
(RF) techniques should be used when doing pc board 
layouts. A massive ground plane should be used to maintain 
a low impedance ground. PC board traces should be kept 
as short as possible and kept wide to minimize trace induct- 
ance and impedance. Stray capacitance at the op amps 


output and at the high impedance inputs should be kept 
to a minimum, to prevent any unwanted phase shift and 
bandwidth limiting. 

When breadboarding remember to keep feedback resistor 
values low (<5kft) for optimum performance. The use of 
metal film resistors for values over 200H and carbon film 
resistors under 200H typically gives the best performance. 
Remember to keep all lead lengths as short as possible to 
minimize lead inductance. 

Sockets will add parasitic capacitance and inductance 
and therefore can limit AC performance as well as reduce 
stability. If sockets must be used, a low profile socket with 
minimum pin to pin capacitance will minimize any perform- 
ance degradation. 

Power supply decoupling is essential for high frequency 
op amps. A 0.01 juF high quality ceramic capacitor at each 
supply pin in parallel with a IpF tantalum capacitor will 
provide excellent decoupling. Chip capacitors produce the 
best results due to the ease of placement next to the op amp 
and they have negligible lead inductance. If leaded capaci- 
tors are used, again the lead lengths should be kept to a 
minimum. 

Saturation Recovery 

When an op amp is over driven output devices can saturate 
and sometime take a long time to recover. By clamping the 
input to safe levels, output saturation can be avoided. If out- 
put saturation cannot be avoided, the recovery time for an 
input sine wave at 25% overdrive is 100ns. 


Thermal Constants (°C/W) 8ja 0jc 

HFA2-0002-5/-9 117 36 

HFA3-0002-5/-9 96 34 

H FA7-0002-5/-9 75 13 

HFA9P-0002-5/-9 158 43 
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August 1991 


HFA-0005 

High Slew Rate 
Operational Amplifier 


Features 

• Unity Gain Bandwidth 300MHz 

• Full Power Bandwidth 22MHz 

• High Slew Rate 420V/ps 

• High Output Drive ±50mA 


• Monolithic Bipolar Construction 

Applications 

• RF/IF Processors 

• Video Amplifiers 

• Radar Systems 

• Pulse Amplifiers 

• High Speed Communications 

• Fast Data Acquisition Systems 

Description 

The HFA-0005 is an all bipolar op amp featuring high slew rate (420V/ps), 
and high unity gain bandwidth (300MHz). These features combined with 
fast settling time (20ns) make this product very useful in high speed data 
acquisition systems as well as RF, video, and pulse amplifier designs. 

Other outstanding characteristics include low bias currents (1 5 jjA), low off- 
set current (6jliA), and low offset voltage (6mV). These high performance 
characteristics are achieved with only 40mA of supply current. 

The HFA-0005 offers high performance at low cost. It can replace hybrids 
and RF transistor amplifiers, simplifying designs while providing increased 
reliability due to monolithic construction. To enhance the ease of design, 
the HFA-0005 has a 50TI ±20% resistor connected from the output of the 
op amp to a separate pin. This can be used when driving 50f2 strip line, 
microstrip, or coax cable. 

The performance of the HFA-0005-9 is guaranteed from -40°C to +85°C, 
while the HFA-0005-5 is guaranteed from 0°C to +75°C. The HFA-0005 
is available in 8 pin SOIC, 8 pin Sidebraze, 8 pin Plastic Mini-Dip, and 8 pin 
TO-99 Metal Can packages. For MIL-STD-883 compliant product and 
Ceramic LCC package consult the HFA-0005/883 datasheet. 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2918 
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Specifications HFA-0005 


Absolute Maximum Ratings (Note i) 


Voltage Between V+ and V- Terminals 12V 

Differential Input Voltage 5 V 

Common Mode Input Voltage ±4 V 

Output Current ±60mA 


Operating Temperature Range 

HFA-0005-9 -40°C < T A < +85°C 

HFA-0005-5 0°C<T A <+75OC 

Storage Temperature -65°C < T A < +1 50°C 

Maximum Junction Temperature +175°C 


Electrical Specifications V+ = +5V, V- = -5V, Unless Otherwise Specified 


PARAMETER 

TEMP 

HFA-0005- 

9 

HFA-0005- 


UNITS 

MIN 

TYP 

MAX 




| INPUT CHARACTERISTICS | 

Offset Voltage 

+25°C 

- 

6 

15 

- 

6 

30 

mV 


Full 

- 

11 

45 

- 

11 

35 

mV 

Average Offset Voltage Drift 

Full 

- 

100 

- 

- 

100 

- 

pV/oc 

Bias Current 

+25°C 

- 

15 

50 

- 

15 

100 

pA 


Full 

- 

20 

50 

- 

20 

100 

pA 

Offset Current 

+25°C 

- 

6 

25 

- 

6 

50 

pA 


Full 

- 

12 

50 

- 

12 

50 

pA 

Common Mode Range 

Full 

±3 

- 

- 

±3 

- 

- 

V 

Differential Input Resistance 

+25°C 

- 

10 

- 

- 

10 

- 

Kn 

Input Capacitance 

+25°C 

- 

2 

- 

- 

2 

- 

PF 

Input Noise Voltage 0.1 Hz to 10Hz 

+25°C 

- 

2.5 

- 

- 

2.5 

- 

pVrms 

10Hz to 1MHz 

+25°C 

- 

5.8 

- 

- 

5.8 

- 

pVrms 

Input Noise Voltage f o = 10Hz 

+25°C 

- 

450 

- 

- 

450 

- 

nV/v/Hz 

f 0 = 100Hz 

+25°C 

- 

160 

- 

- 

160 

- 

nV/>/Hz 

f Q = 1 000Hz 

+25°C 

- 

40 

- 

- 

40 

- 

nV/^/Hz 

Input Noise Current f o = 10Hz 

+25°C 

- 

2.0 

- 

- 

2.0 

- 

nA/\/Hz 

f Q = 100Hz 

+25°C 

- 

0.57 

- 

- 

0.57 

- 

nA/y/Hz 

f Q = 1000Hz 

+25°C 

- 

0.11 

- 

- 

0.11 

- 

nA/yPE 

| TRANSFER CHARACTERISTICS : 

Large Signal Voltage Gain (Note 2) 

IB 

150 

230 

■ ■ 

150 

230 

■ 

V/V 


H | 

150 

180 


150 

180 


V/V 


1 

150 

250 

^3 

150 

250 

3 

V/V 

Common Mode Rejection Ratio (Note 3) 

Full 

45 

47 

1 

42 

45 

9 9 

dB 

Unity Gain Bandwidth 

+25°C 

- 

300 

M I 

- 

300 


MHz 

Minimum Stable Gain 

Full 

1 

- 

9 9 

1 

- 

9 

V/V 

| OUTPUT CHARACTERISTICS | 

Output Voltage Swing Rl_ = 1 0Ofl 

+25°C 

- 

±3.5 

mgm 

- 

±3.5 

■ ■ 

V 

R L = 1K 

Full 

±3.5 

±4.0 


±3.5 

±4.0 

^3 

V 

Full Power Bandwidth (Note 5) 

+25°C 

- 

22 


- 

22 

^3 

MHz 

Output Resistance, Open Loop 

+25°C 


3.0 

^3 

- 

3.0 

9 

n 

Output Current 

Full 

±25 

±50 

99IH 

±25 

±50 

991 

mA 

| TRANSIENT RESPONSE | 

Rise Time (Note 4, 6) 

+25°C 

Hj 

480 


mmm 

480 


ps 

Slew Rate (Note 7) 

+25°C 

^3 

420 

9 

9 

420 

^3 

V/ps 

Settling Time (3V Step) 0.1 % 

+25°C 

^3 

20 

9 


20 


ns 

Overshoot (Note 4, 6) 

+25°C 

919 

30 

9 

9 

30 


% 

POWER SUPPLY CHARACTERISTICS | 

Supply Current 

+25°C 

- 

35 

40 

- 

35 

mm 

mA 


Full 

- 

37 

40 

- 

37 

mm 

mA 

Power Supply Rejection Ratio (Note 8) 

+2 50C 

40 

42 

- 

37 

40 

■1 

dB 
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Specifications HFA-0005 


1. Absolute maximum ratings are limiting values, applied individually, 5. Full Power Bandwidth is calculated by equation: 
beyond which the serviceability of the circuit may be impaired. Functional Slew Rate, 

operation under any of these conditions is not necessarily implied. FPBW = 77~7 Vpeak = 3.0V 


2. V OUT = 0 to ±2 V, R l = 1 K 

3. AV CM = ±2V 

4. r l = ioon 


Test Circuits 

LARGE SIGNAL RESPONSE TEST CIRCUIT 


2n Vpeak 

6. v OUT = ±200mV, Av = +1 

7. v OUT = ±3V, A v = +1 

8. AV S = ±4V to ±6V 


SMALL SIGNAL RESPONSE TEST CIRCUIT 


LARGE SIGNAL RESPONSE 
VquT = 0 to 3V 

Vertical Scale: IV/Div. Horizontal Scale: 5ns/Div. 


W| 


SMALL SIGNAL RESPONSE 

VquT = 0 to 200mV 

Vertical Scale: lOOmV/Div. Horizontal Scale: 2ns/Div. 


NOTE: Initial step in output is due to fixture feedthrough 


SETTLING TIME SCHEMATIC 


VSETTLE 


PROPAGATION DELAY 

Vertical Scale: 500mV/Div. Horizontal Scale: 5ns/Div. 
A V = +1, Rl = IK, VquT = 0 to 3V 
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NOTE: Test fixture delay of 450ps is included. 
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OUTPUT VOLTAGE SWING (V) 


HFA-0005 


Typical Performance Curves (Continued) V$ = ±5V, Ta = +25°C, Unless Otherwise Specified 


OFFSET VOLTAGE vs TEMPERATURE 

3 Representative Units 


BIAS CURRENT vs TEMPERATURE 

3 Representative Units 



40 - 20 0 20 40 60 80 100 120 

TEMPERATURE (°C) 


-60 - 40 - 20 0 20 40 60 80 100 120 

TEMPERATURE (°C) 





HFA-0005 
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OUTPUT VOLTAGE SWING (V) 


H FA-0005 



3-508 


NOISE CURRENT (pAA/Hz) 





H FA-0005 


Applications Information 


Offset Adjustment 


PC Board Layout Guidelines 


When applications require the offset voltage to be as low as 
possible, the figure below shows two possible schemes for 
adjusting offset voltage. 



Adjustment 
Range =^±V 



FIGURE 1. INVERTING GAIN 


When designing with the H FA-0005, good high frequency 
(RF) techniques should be used when making a PC board. 
A massive ground plane should be used to maintain a low 
impedance ground. Proper shielding and use of short 
interconnection leads are also very important. 

To achieve maximum high frequency performance, the use 
of low impedance transmission lines with impedance 
matching is recommended: 50ft lines are common in com- 
munications and 75ft lines in video systems. Impedance 
matching is important to minimize reflected energy 
therefore minimizing transmitted signal distortion. This is 
accomplished by using a series matching resistor {50 or 
75ft), matched transmission line (50 or 75ft), and a 
matched terminating resistor, as shown in the figure below. 
Note that there will be a 6dB loss from input to output. The 
HFA-0005 has an integral 50ft ±20% resistor connected to 
the op amps output with the other end of the resistor pinned 
out. This 50ft resistor can be used as the series resistor 
instead of an external resistor. 


For a voltage follower application, use the circuit in Figure 2 
without R2 and with Ri shorted. R1 should be 1 MV to 1 0MV. 
the adjustment resistors will cause only a very small gain 
error. 



Adjustment f p 
Range = ±V 

V Ri 



FIGURE 2. NON-INVERTING GAIN 



v OUT 

50A 


PC board traces can be made to look like a 50 or 75ft 
transmission line, called microstrip. Microstrip is a PC 
board trace with a ground plane directly beneath, on the 
opposite side of the board, as shown below. 

SIGNAL 
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H FA-000 5 


Applications Information (Continued) 

When manufacturing pc boards the trace width can be 
calculated based on a number of variables. 

The following equation is reasonably accurate for calculating 
the proper trace width for a 50H transmission line. 

87 ( 5.98h 


Power supply decoupling is essential for high frequency op 
amps. A 0.01 pf high quality ceramic capacitor at each 
supply pin in parallel with a 1 juf tantalum capacitor will 
provide excellent decoupling. Chip capacitors produce the 
best results due to ease of placement next to the op amp 
and they have negligible lead inductance. If leaded capaci- 
tors are used, the leads should be kept as short as possible 
to minimize lead inductance. The figures below illustrate 
two different decoupling schemes. Figure 4 improves the 
PSRR because the resistor and capacitors create low pass 
filters. Note that the supply current will create a voltage drop 
across the resistor. 


Saturation Recovery 

When an op amp is over driven output devices can saturate 
and sometimes take a long time to recover. By clamping the 
input to safe levels, output saturation can be avoided. If out- 
put saturation cannot be avoided, the recovery time from 
25% over-drive is 20ns and 30ns from 50% over-drive. 

Thermal Constants (°C/W) 0; a 0; c 


HFA2-0005-5/-9 . . 

HFA3-0005-5 

HFA7-0005-5/-9 .. 
HFA9P-0005-5/-9 . 
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ICL76XX Series Low Power 
August 1991 CMOS Operational Amplifiers 


Features 

• Wide Operating Voltage Range ±1V to ±8V 

• High Input Impedance - 10 12ft 

• Programmable Power Consumption - Low as 20jjW 

• Input Current Lower Than BIFETs - Typ 1 pA 

• Available as Singles, Duals, and Quads 

• Output Voltage Swings to Within Millivolts of 
V- and V+ 

• Low Power Replacement for Many Standard 
Op Amps 

• Compensated and Uncompensated Versions 

• Input Common Mode Voltage Range Greater Than 
Supply Rails (ICL7612) 

Description 

The ICL761 X/762X/764X series is a family of monolithic 
CMOS operational amplifiers. These devices provide the 
designer with high performance operation at low supply 
voltages and selectable quiescent currents, and are an ideal 
design tool when ultra low input current and low power 
dissipation are desired. 

The basic amplifier will operate at supply voltages ranging 
from ±1 V to ±8V, and may be operated from a single 
Lithium cell. 

A unique quiescent current programming pin allows setting 
of standby current to 1 mA 100 (jA, or IOjjA, with no external 
components. This results in power consumption as low as 
20pW. Output swings range to within a few millivolts of the 
supply voltages. 


Applications 

• Portable Instruments 

• Telephone Headsets 

• Hearing Aid/Microphone Amplifiers 

• Meter Amplifiers 

• Medical Instruments 

• High Impedance Buffers 


Of particular significance is the extremely low (IpA) input 
current, input noise current of .01 pA/y'Hz, and 1 0 1 input 
impedance. These features optimize performance in very 
high source impedance applications. 

The inputs are internally protected. Outputs are fully 
protected against short circuits to ground or to either 
supply. 

AC performance is excellent, with a slew rate of 1.6V/jiS, 
and unity gain bandwidth of 1MHz at Iq = 1mA. 

Because of the low power dissipation, operating tempera- 
tures and drift are quite low. Applications utilizing these 
features may include stable instruments, extended life 
designs, or high density packages. 


Selection Guide 

SPECIAL FEATURE CODES 

= Internally Compensated 
= High Quiescent Current (1 mA) 

= Low Quiescent Current (10fjA) 

= Medium Quiescent Current (1 OOjuA) 
= Offset Null Capability 
= Programmable Quiescent Current 
= Extended CMVR 

Vos SELECTION 

A = 2mV D = 15mV 
B = 5 mV E =20mV 
C = lOmV 


DEVICE NOMENCLATURE 


ICL76XX X X XX C 

PACKAGE CODE H 

TV -TO-99, 8 pin 
PA -Plastic 8 pin Mini-DIP 
PD - 14 pin Plastic DIP M 

PE - 16 pin Plastic DIP 
BA - 8 pin SOIC 0 

TEMPERATURE RANGE P 

C = 0°C to+70°C V 

M = -55°C to +1 25°C 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2919 
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ICL76XX 


ORDERING INFORMATION 


Basic 

Part 

Number of 

Package Type and Suffix 

OP-AMPS in 
Package, and 

8-Lead TO-99 

8-Pin 

MINIDIP 

8-Pin 

SOIC 

Plastic 

DIP (1) 

Number 

Special Features 
(SEE CODES) 

0°Cto 

+ 70°C 

— 55°C to 

+ 125°C 

0°C to 

+ 70°C 

0°C to 

+ 70°C 

0°C to 

+ 70°C 


SINGLE OP-AMP: 






ICL761 1 

C, O, P 

ACTV 

AMTV 

AC PA 

DCBA-T 


ICL7612 

C, O, P, V 

BOTV 

BMTV 

BCPA 

DCBA 




DCTV 

DMTV 

DCPA 




DUAL OP-AMP: 

ACTV 

AMTV 

AC PA 



ICL7621 

C, M 

BCTV 

BMTV 

BCPA 

DCBA 




DCTV 

DMTV 

DCPA 

DCBA-T 



QUAD OP-AMP: 






ICL7641 

C, H 






ICL7642 

C, L 





CCPD 







ECPD 


NOTES: 1. Quads are only available in 14 pin DIP package. 

2. Ordering code must consist of basic pad number and package suffix, e.g., ICL761 1BCPA. 



NOTE: All typical values have been characterized but are not tested. 
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Device 


Description 


Pin Assignments 


ICL7621XCPA 

ICL7621XCTV 

ICL7621XMTV 

ICL7621XCBA 


Dual op amps with internal 
compensation; Iq fixed 
at IOOjuA 

Pin compatible with 
Texas Inst. TL082 
Motorola MCI 458 
Raytheon RC4558 


TO-99 (TOP VIEW) 
(outline dwg TV) 


OUT a U 



8 PIN DIP (TOP VIEW) 
(outline dwg PA) 

v + OUT B -in 0 + IN b 



OUT a -IN a +IN a 


ICL7641XCPD 

ICL7642XCPD 


Quad op amps with internal 
compensation. 

Iq fixed at 1 mA (ICL7641 ) 
l Q fixed atlOjiA (ICL7642) 
Pin compatible with 
Texas Instr. TL084 
National LM324 
Harris HA4741 


*Pin 8 connected to case. 


14 PIN DIP (TOP VIEW) 

(outline dwg PD) 

OUT 0 -IN 0 +IN 0 V" -HN c -IN c OUT c 



OUT a -in* +IN a v + +IN. -IN„ OUT, 


Figure 1: Pin Configurations (Cont.) 


NOTE: All typical values have been characterized but are not tested. 
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NOTE: All typical values have been characterized but are not tested. 
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BCL76XX 


ABSOLUTE MAXIMUM RATINGS 

T otal Supply Voltage V + to V ~ 18V 

Input Voltage V~ -0.3toV + + 0.3V 

Differential Input Voltage! 1 ! . ±[(V + + 0.3)-(V _ -0.3)]V 
Duration of Output Short Circuit! 2 ! Unlimited 


Continuous Power Dissipation 

@25°C 

Above 25°C 

derate as below: 

TO-99 

250mW 

2mW/°C 

8 Lead Minidip 

250mW 

2mW/°C 

1 4 Lead Plastic 

375mW 

3mW/°C 

14 Lead Cerdip 

500mW 

4mW/°C 


Storage Temperature Range -65°Cto + 150°C 

Operating Temperature Range 

ICL76XXM — 55°C to + 125°C 

ICL76XXC 0°C to + 70°C 

Lead Temperature (Soldering, lOsec) 300°C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

NOTE 1 . Long term offset voltage stability will be degraded if large input differential voltages are applied for long periods of time. 

2. The outputs may be shorted to ground or to either supply, for Vsupp^ 1°V. Care must be taken to insure that the dissipation rating is not exceeded. 


ELECTRICAL CHARACTERISTICS (7611/12 and 7621 ONLY) 

(Vsupply = ± 5.0V, Ta = 25°C, unless otherwise specified.) 


Symbol 

Parameter 

Test Conditions 

76XXA 

76XXB 

76XXD 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input Offset Voltage 

Rs^lOOkn, T a = 25°C 



2 



5 



15 

mV 



t M in^t a <;t MA x 



3 



7 



20 


AVqs/AT 

Temperature Coefficient of Vos 

Rs^iookn 


10 



15 



25 


JLlV/°C 

>OS 

Input Offset Current 

T a = 25°C 


0.5 

30 


0.5 

30 


0.5 

30 




AT a = C( 2 ) 



300 



300 



300 

pA 



AT a = M( 2 ) 



800 



800 



800 


'bias 

Input Bias Current 

T a = 25°C 


1.0 

50 


1.0 

50 


1.0 

50 




AT a = C 



400 



400 



400 

pA 



at a =m 



4000 



4000 



4000 


VCMR 

Common Mode Voltage Range 

Iq= 10jllA(1) 

±4.4 



±4.4 



±4.4 





(Except ICL761 2) 

Iq= IOOjllA 

±4.2 



±4.2 



±4.2 



V 



Iq = ImAO) 

±3.7 



±3.7 



±3.7 




VcMR 

Extended Common Mode 

l Q = IOjllA 

±5.3 



±5.3 



±5.3 





Voltage Range 

Iq = IOOju-A 

+ 5.3 



+ 5 3 



+ 5.3 





(ICL7612 Only) 

-5.1 



-5.1 



-5.1 



V 



Iq = 1 mA 

+ 5.3 



+ 5.3 



+ 5.3 






-4.5 



-4.5 



-4.5 




VOUT 

Output Voltage Swing 

(1) Iq = IOjllA, R l = 1 MH 
T a = 25°C 

±4.9 



±4.9 



±4.9 






AT a = C 

±4.8 



±4.8 



±4.8 






at a =m 

±4.7 



±4.7 



±4.7 






Iq= IOOjllA, R L =100ka 
T a = 25°C 

±4.9 



±4.9 



±4.9 






AT a = C 

±4.8 



±4.8 



±4.8 



V 



AT a = M 

±4.5 



±4.5 



±4.5 






(1) Iq= 1mA, R L =10ka 
T a = 25°C 

±4.5 



±4.5 



±4.5 






AT a = C 

±4.3 



±4.3 



±4.3 






AT a = M 

±4.0 



±4.0 



±4.0 





NOTE: All typical values have been characterized but are not tested 
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ICL76XX 


ELECTRICAL CHARACTERISTICS (7611/12 and 7621 ONLY) (Continued) 

(VsuPPLY “ — 5.0V, T A =25°C, unless otherwise specified.) 



Parameter 



76XXB 

76XXD 

Units 


EH' 


1251 

Ell 

ms 

an 

EH 

[22 





a vol 

Large Signal Voltage Gain 

V o =±4.0V,R L =1Mn 

Iq= IOju-AO), T a = 25°C 

86 

104 

■ 

80 

104 


80 

104 

■ 




at a =c 

80 


1® 

75 



75 


■ 




at a =m 

74 


■ 

68 



68 


■ 




V 0 = ±4.0V, R L =100ka 

Iq = 100/iA, T a =25°C 

86 

102 

■ 




80 


■ 




AT a = C 

80 


■ 




75 






at a =m 

74 


■ 




68 


■ 




V 0 = ± 4.0V, R|_=10kn 
l Q =1mA(1),T A = 25”C 

80 

83 


76 

83 


76 


■ 




at a =c 

76 



72 



72 






AT a = M 

72 



68 



68 




GBW 

Unity Gain Bandwidth 

Iq= 10JU.AC1) 


0.044 



0.044 








Iq= IOOjuiA 


0.48 



0.48 




■ 




l Q = ImAO) 


1.4 



1.4 




■ 


Rin 

Input Resistance 



1012 



IBB 

u 


1012 


a | 

CMRR 

Common Mode Rejection Ratio 

Rs^lOOkH, l Q = 10jaA0) 

76 

96 


70 

96 

■ 

70 

96 


BB 



Rs^lOOkn, Iq= 100/xA 

76 

91 


70 

91 

■ 

70 

91 


■ 



Rs^lOOkn, l Q =1mAd) 

66 

87 

■ 

60 

87 

■ 

60 

87 



PSRR 

Power Supply Rejection Ratio 

Rs^lOOkn, l Q =10jLtA0) 

80 

94 


80 

94 


m 

94 

■ 



VsuPPLY = i8V to +2V 

Rg ^ 1 0Okfi, Iq = 1 OOjllA 

80 

86 


80 

86 



86 

■ 




R s ^100ka, l Q =1mA(D 

70 

77 


70 

77 


i 

77 



©n 

Input Referred Noise Voltage 

R s = 100H, f= 1kHz 


100 



100 



100 



•n 

Input Referred Noise Current 

R s = 100H, f = 1kHz 


0.01 



0.01 



0.01 



■supply 

Supply Current 

No Signal, No Load 







B 





(Per Amplifier) 

Iq SET=+5V<1) Low Bias 


0.01 

0.02 


0.01 

0.02 

B 

0.01 

0.02 




Iq SET=0V Medium Bias 


0.1 

0.25 


0.1 

0.25 

B 

0.1 

0.25 




Iq SET = — 5V0) High Bias 


1.0 

2.5 


1.0 

2.5 

B 

1.0 

2.5 


Voi/V 02 

Channel Separation 

Ay = 100 


120 



B5 1 



120 



SR 

Slew Rate 

Ay = 1 , Cl= 100pF 

V| N = 8Vp-p 
lQ=10jLtA(1),RL=1Mn 


0.016 



0.016 



0.016 

1 




l Q = lOOjaA, R L =100kn 


0.16 



0.16 



0.16 





I Q =1mA(l),R L =10ka 


1.6 



1.6 



1.6 

■ 


tr 

Rise Time 

V| N = 50mV, C L = lOOpF 
l Q =10jLtA(l),R L =1Mn 


20 

1 

■ 

20 

| 

■ 


| 




lQ=100jaA, R L =100ka 


2 

■ 

m 


■ 







l Q =1mA(i),R L =10kn 


0.9 


m 



B 

■*&a 

■ 



Overshoot Factor 

V| N -50mV, C L = lOOpF 

|q = lOjuiAi, r l im a 

B 


| 

1 

5 

■ 

■ 

■ 

■ 




Iq = 100julA,R l 100ka 

B 



B 

10 

M 

1 



% 



lQ=1mA 1 , Rl i: lOka 

B 



B 

E3 

m 



■ 



NOTES: 1. ICL7611, 7612 only. 

2. C = Commercial Temperature Range: 0°C to +70°C 
M = Military Temperature Range: — 55°C to +125°C 


NOTE: All typical values have been characterized but are not tested. 
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ICL76XX 


ELECTRICAL CHARACTERISTICS (7611/12 A AND B GRADES ONLY) 

(Vsupply = ± 1 .OV, Iq = 1 0juA, T A = 25°C, unless otherwise specified.) 


Symbol 

Parameter 

Test Conditions 

76XXA 

76XXB 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 





Vos 

Input Offset Voltage 

R s <M00kn,T A =25°C 



2 



5 

mV 



Tmin^T A ^T max 



3 



7 


AV 0S /AT 

Temperature Coefficient of Vqs 

Rs^iookn 


10 



15 


|LtV/ 0 C 

•os 

Input Offset Current 

T a = 25°C 


0.5 

30 


0.5 

30 

pA 



l> 

>* 

II 

o 



300 



300 

Ibias 

Input Bias Current 

T a = 25°C 


1.0 

50 


1.0 

50 

pA 



> 

o 



500 



500 

V CMR 

Common Mode Voltage Range 
(Except ICL7612) 


±0.6 



±0.6 



V 

VcMR 

Extended Common Mode Voltage 


+ 0.6 



+ 0.6 





Range (ICL7612 Only) 


to 



to 



V 




-1.1 



-1.1 




v OUT 

Output Voltage Swing 

R L = IMft, T a = 25°C 


±0.98 



±0.98 


V 



at a =c 


±0.96 



±0.96 


Avol 

Large Signal Voltage Gain 

v 0 = ± 0.1 v, r l = iMn 

T A = 25°C 


90 



90 


dB 



> 

H 

> 

II 

O 


80 



80 



GBW 

Unity Gain Bandwidth 



0.044 





MHz 

Rin 

Input Resistance 



1012 



1012 


Q 

CMRR 

Common Mode Rejection Ratio 

Rs^iookn 


80 



80 


dB 

PSRR 

Power Supply Rejection Ratio 

Rs^iookn 


80 



80 


dB 

e n 

Input Referred Noise Voltage 

R s = lOOn, f= 1kHz 


100 



100 


nV/l/Hz 

■n 

Input Referred Noise Current 

R s = 100n, f= 1kHz 


0.01 



0.01 


pA/l/Hz 

•supply 

Supply Current 
(Per Amplifier) 

No Signal, No Load 


6 

15 


6 

15 

jiA 

SR 

Slew Rate 

A v = 1,C L =100pF 

V| N = 0.2Vp-p 

R L =1MH 


0.016 



0.016 


V/fJLS 

tr 

Rise Time 

V| N = 50mV, C L = lOOpF 
R l =1MH 


20 



20 


jtxS 


Overshoot Factor 

V| N = 50mV, C L = lOOpF 
R|_= 1 MH 


5 



5 


% 


NOTE: C = Commercial Temperature Range (0°C to +70°C) M = Military Temperature Range (-55°C to + 125°C). 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (7641/42 ONLY) 

(Vsupply = ±5.0V, T A =25°C, unless otherwise specified.) 


ICL76XX 


Symbol 

Parameter 

Test Conditions 

76XXC (6) 

76XXE (6) 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 





Vos 

Input Offset Voltage 

R s ^ 1 0Okfl, T A = 25°C 



10 



20 

mV 



TmiN^Ta^TmAX 



15 



25 


AV OS /AT 

Temperature Coefficient of Vos 

Rs^lOOkn (Note 5) 


20 



30 


(iV/°C 

•os 

Input Offset Current 

T a = 25°C 


0.5 

30 


0.5 

30 




at a =c 



300 



300 

pA 



AT a = M 



800 



800 


•BIAS 

Input Bias Current 

T a = 25°C 


1.0 

50 


1.0 

50 




at a =c 



500 



500 

pA 



at a =m 



4000 



4000 


VCMR 

Common Mode Voltage Range 

Iq= 10/aAO) 

±4.4 



±4.4 






Iq=100/xA(3) 

±4.2 



±4.2 



V 



Iq= 1mA( 2 ) 

±3.7 



±3.7 




VOUT 

Output Voltage Swing 

lQ=10jutA(l),R L =1Mft 

T a = 25°C 

±4.9 



±4.9 






AT A =C 

±4.8 



±4.8 






AT a = M 

±4.7 



±4.7 






l Q =100fxA(3), R L =100kn 










T a =25°C 

±4.9 



±4.9 



V 



at a =c 

±4.8 



±4.8 






at a =m 

±4.5 



±4.5 






l Q =1mA(2), R L =10kH 
T a =25°C 

±4.5 



±4.5 






at a =c 

±4.3 



±4.3 






at a =m 

±4.0 



±4.0 




Avol 

Large Signal Voltage Gain 

V 0 = ±4.0V, R|_=1MnO) 
Iq= lOjuiAO), T a = 25°C 

80 

104 


80 

104 





AT a = C 

75 



75 






at a =m 

68 



68 






V o =±4.0V, R L =100kn(3) 
Iq=100/xA(3),T a = 25”C 

80 

102 


80 

102 





> 

II 

O 

75 



75 






t> 

II 

68 



68 



dB 



Vq=±4.0V, R L =10kn(2) 

Iq = 1 mA( 2 ), T A = 25°C 

76 

98 


76 

98 





at a =c 

72 



72 






AT a = M 

68 



68 




GBW 

Unity Gain Bandwidth 

l Q = IOjulAO) 


0.044 



0.044 


MHz 



Iq=100juiA(3) 


0.48 



0.48 





Iq = 1 mA( 2 ) 


1.4 



1.4 



Rin 

Input Resistance 



1012 



1012 


n 

CMRR 

Common Mode Rejection Ratio 

Rs^lOOkH, Iq = 10/xA(D 

70 

96 


70 

96 





Rs^lOOkH, Iq=100/xA 

70 

91 


70 

91 


dB 



Rs^lOOkn, l Q = 1 mA(2) 

60 

87 


60 

87 




NOTE: All typical values have been characterized but are not tested. 
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ICL76XX 


ELECTRICAL CHARACTERISTICS (7641/42 ONLY) (Continued) 
( V SUPPLY = ±5.0V, Ta = 25°C, unless otherwise specified.) 


Symbol 

Parameter 

Test Conditions 

76XXC (6) 

76XXE (6) 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 





PSRR 

Power Supply Rejection Ratio 

R S ^100kn, Iq= 10jllA(1) 

80 

94 


80 

94 




VsuPPLY = i8V to ±2V 

Rs^lOOkn, l Q = 100jwA 

80 

86 


80 

86 


dB 



Rs^lOOkn, l Q =1mA(2) 

70 

77 


70 

77 



e n 

Input Referred Noise Voltage 

R s = 100n, f= 1kHz 


100 



100 


nV/t/FE 

In 

Input Referred Noise Current 

R s =100n,f=1kHz 


0.01 



0.01 

— 

pA/v/Hz 

•supply 

Supply Current 

No Signal, No Load 


0.01 

0.03 


0.01 

0.03 



(Per Amplifier) 

7642 ONLY 

Iq= IO/liAO) Low Bias 


0.01 

0.022 


0.01 

0.022 




Iq= 1 00/llA Medium Bias 


0.1 

0.25 


0.1 

0.25 

mA 



Iq= 1mA( 2 ) High Bias 


1.0 

2.5 


1.0 

2.5 


V 01 /V 02 

Channel Separation 

Ay = 1 00 


120 



120 


dB 

SR 

Slew Rate 

A v = 1, C(_= lOOpF 

V| N = 8Vp-p 

Iq= lOjaAO), R l =1MH 


0.016 



0.016 


V/jus 



Iq = lOOjuA, R L =100kn 


0.16 



0.16 





l Q =1mA(2),R L =10kn 


1.6 



1.6 



tr 

Rise Time 

V|jvj = 50mV, C L = lOOpF 
l Q = 10juiA0),R L =1Ma 


20 



20 


JLlS 



l Q = 1 OOjulA, R L =100kn 


2 



2 





l Q =1mA(2), R L =10kH 


0.9 



0.9 




Overshoot Factor 

V| N = 50mV, C L = lOOpF 
Iq=10juA(D, R l =1MH 


5 



5 





Iq= IOOjliA, Rl= 100k!) 


10 



10 


% 



l Q =1mA(2), R L =10kH 


40 



40 




NOTES: 1. Does not apply to 7641. For Test Conditions: 

2. Does not apply to 7642. C = Commercial Temperature Range: 0°C to + 70°C 

M = Military Temperature Range: -55°Cto +125°C 



ELECTRICAL CHARACTERISTICS (7642 ONLY) 

(VsuPPLY = - 1.0V, Iq = 10|uA, Ta= 25°C, unless otherwise specified.) 


Symbol 

Parameter 

Test Conditions 

76XXC 

Units 

Min 

Typ 

Max 





Vos 

Input Offset Voltage 

R s ^ lOOkH, T a = 25°C 



10 

mV 



Tmin^T a ^t max 



12 


AVos/AT 

Temperature Coefficient of Vqs 

Rg<i lOOkfl 


20 


ju.V/°C 

•os 

Input Offset Current 

T a = 25°C 


0.5 

30 

pA 



> 

£ 

II 

o 



300 

•bias 

Input Bias Current 

T a =25°C 


1.0 

50 

pA 



at a =c 



500 

V CMR 

Common Mode Voltage Range 


±0.6 



V 


NOTE: All typical values have been characterized but are not tested. 
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ICL76XX 


ELECTRICAL CHARACTERISTICS (7642 ONLY) (Continued) 

( V SUPPLY = ± 1 -0V, Iq = 1 OjllA, T a = 25°C, unless otherwise specified.) 



Parameter 

Test Conditions 

76XXC 

Units 

Min 

Typ 

Max 

v OUT 

Output Voltage Swing 

R L =1Mn,T A =25°C 

at a =c 


±0.98 

±0.96 


V 

AvOL 

Large Signal Voltage Gain 

v 0 = ±0.1 v, r l =imh 

T a = 25°C 

at a =c 


90 

80 


dB 

GBW 

Unity Gain Bandwidth 



0.044 


MHz 

Rin 

Input Resistance 



1012 


n 

CMRR 

Common Mode Rejection Ratio 

Rs^iookn 


80 


dB 

PSRR 

Power Supply Rejection Ratio 



80 


dB 

e n 

Input Referred Noise Voltage 

R s = 100ft, f = 1kHz 


100 


nV/\/Hz 

•n 

Input Referred Noise Current 

R s =100n,f=1kHz 


0.01 


pA/l/Hz 

■supply 

Supply Current 
(Per Amplifier) 

No Signal, No Load 


6 

15 

jliA 

v 01/V02 

Channel Separation 

A v =100 


120 


dB 

SR 

Slew Rate 

A v =1,C L =100pF 

V| N = 0.2Vp-p 

R L = IMfl 


0.016 


V/jus 

tr 

Rise Time 

V|(M = 50mV, Cj_= lOOpF 
R l =1MH 


20 


fXS 


Overshoot Factor 

V| N = 50mV, C L = lOOpF 
R L =1Ma 


5 


% 


NOTE: C = Commercial Temperature Range (0°C to +70°C) 


NOTE: All typical values have been characterized but are not tested. 
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ICL76XX 


TYPICAL PERFORMANCE CHARACTERISTICS 


SUPPLY CURRENT PER AMPLIFIER 
AS A FUNCTION OF SUPPLY 
VOLTAGE 



SUPPLY VOLTAGE - VOLTS 


0307-12 


LARGE SIGNAL DIFFERENTIAL 
VOLTAGE GAIN AS A FUNCTION 
OF FREE-AIR TEMPERATURE 



FREE-AIR TEMPERATURE - C 

0307-15 


SUPPLY CURRENT PER AMPLIFIER 
AS A FUNCTION OF FREE-AIR 
TEMPERATURE 






1 1 

- V" - 10 VOLTS : 





Iq 

=1 

1mA 

r— 

— 

NC 

SIGN 

*L 

l=d 

— 


— 


= 

== 

^2 







S 

Ill 





— 


os 


— J 

— 

j= 

— 






d 

d 



— 

— 
















d 

_ 

_ 

_ 

_ 

_ 

_ 


1 1 l I i i I I I 

-50 -25 0 *25 +50 +75 +100 +125 


FREE-AIR TEMPERATURE - °C 


0307-13 


LARGE SIGNAL DIFFERENTIAL 
VOLTAGE GAIN AND PHASE SHIFT 
AS A FUNCTION OF FREQUENCY 

io 7 

5 10 * 

Z 10 * 

o 


i 103 

1 102 

5 10 

i 

0.1 1 10 100 Ik 10k 100k 1M 

FREQUENCY - Hz 



0307-16 


POWER SUPPLY REJECTION RATIO 
AS A FUNCTION OF FREE-AIR 
TEMPERATURE 


EQUIVALENT INPUT NOISE 
VOLTAGE AS A FUNCTION OF 
FREQUENCY 




0307-19 


INPUT BIAS CURRENT AS A 
FUNCTION OF TEMPERATURE 




FREE-AIR TEMPERATURE -°C 

0307-17 

PEAK-TO-PEAK OUTPUT 
VOLTAGE AS A FUNCTION 
OF FREQUENCY 



NOTE: All typical values have been characterized but are not tested. 
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ICL76XX 


TYPICAL PERFORMANCE CHARACTERISTICS 


MAXIMUM PEAK-TO-PEAK OUTPUT 
VOLTAGE AS A FUNCTION OF 
FREQUENCY 


MAXIMUM PEAK-TO-PEAK OUTPUT 
VOLTAGE AS A FUNCTION OF 
SUPPLY VOLTAGE 




FREQUENCY - Hz 


SUPPLY VOLTAGE - VOLTS 


0307-21 


0307-22 


MAXIMUM OUTPUT SOURCE 
CURRENT AS A FUNCTION OF 
SUPPLY VOLTAGE 


MAXIMUM OUTPUT SINK CURRENT 
AS A FUNCTION OF SUPPLY 
VOLTAGE 



SUPPLY VOLTAGE - VOLTS 


SUPPLY VOLTAGE - VOLTS 


0307-24 


0307-25 


VOLTAGE FOLLOWER LARGE 
SIGNAL PULSE RESPONSE 


VOLTAGE FOLLOWER LARGE 
SIGNAL PULSE RESPONSE 




MAXIMUM PEAK-TO-PEAK VOLTAGE 
AS A FUNCTION OF FREE-AIR 
TEMPERATURE 



MAXIMUM PEAK-TO-PEAK OUTPUT 
VOLTAGE AS A FUNCTION OF LOAD 
RESISTANCE 



LOAD RESISTANCE - K'! 


0307-26 


VOLTAGE FOLLOWER LARGE 
SIGNAL PULSE RESPONSE 



0307-29 


NOTE: All typical values have been characterized but are not tested. 
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BCL7SXX 


DETAILED DESCRIPTION 
Static Protection 

All devices are static protected by the use of input diodes. 
However, strong static fields should be avoided, as it is pos- 
sible for the strong fields to cause degraded diode junction 
characteristics, which may result in increased input leakage 
currents. 

Latchup Avoidance 

Junction-isolated CMOS circuits employ configurations 
which produce a parasitic 4-layer (p-n-p-n) structure. The 4- 
layer structure has characteristics similar to an SCR, and 
under certain circumstances may be triggered into a low 
impedance state resulting in excessive supply current. To 
avoid this condition, no voltage greater than 0.3V beyond 
the supply rails may be applied to any pin. In general, the 
op-amp supplies must be established simultaneously with, 
or before any input signals are applied. If this is not possi- 
ble, the drive circuits must limit input current flow to 2mA to 
prevent latchup. 

Choosing the Proper !q 

Each device in the ICL76XX family has a similar Iq set-up 
scheme, which allows the amplifier to be set to nominal 
quiescent currents of IOjllA, IOOjulA or 1mA. These current 
settings change only very slightly over the entire supply volt- 
age range. The ICL7611/12 have an external Iq control 
terminal, permitting user selection of each amplifiers’ 
quiescent current. (The 7621 and 7641/42 have fixed Iq 
settings - refer to selector guide for details.) T o set the Iq of 
programmable versions, connect the Iq terminal as follows: 

Iq = 10juA — Iq pin to V + 

Iq= IOOjuA — Iq pin to ground. If this is not possible, any 
voltage from V+ -0.8 to V - +0.8 can be used. 

Iq = 1 mA — Iq pin to V - 

NOTE: The output current available is a function of the qui- 
escent current setting. For maximum p-p output voltage 
swings into low impedance loads, Iq of 1mA should be se- 
lected. 

Output Stage and Load Driving 
Considerations 

Each amplifiers’ quiescent current flows primarily in the 
output stage. This is approximately 70% of the Iq settings. 


This allows output swings to almost the supply rails for out- 
put loads of 1 Mfi, lOOkft, and lOkffc, using the output stage 
in a highly linear class A mode. In this mode, crossover 
distortion is avoided and the voltage gain is maximized. 

However, the output stage can also be operated in Class 
AB for higher output currents. (See graphs under Typical 
Operating Characteristics). During the transition from Class 
A to Class B operation, the output transfer characteristic is 
non-linear and the voltage gain decreases. 

Input Offset Nulling 

For those models provided with OFFSET NULLING pins, 
nulling may be achieved by connecting a 25K pot between 
the OFFSET terminals with the wiper connected to V+. At 
quiescent currents of 1mA and IOOjuA, the nulling range 
provided is adequate for all Vqs selections; however with 
Iq= 10/xA, nulling may not be possible with higher values of 
Vos- rar: 

Frequency Compensation 

The ICL76XX are internally compensated, and are stable 
for closed loop gains as low as unity with capacitive loads 
up to lOOpF 

Extended Common Mode Input Range 

The ICL7612 incorporates additional processing which al- 
lows the input CMVR to exceed each power supply rail by 
0.1 volt for applications where Vsupp^ ±1-5V. For those 
applications where Vsupp^ ± 1.5V, the input CMVR is limit- 
ed in the positive direction, but may exceed the negative 
supply rail by 0.1 volt in the negative direction (eg. for 
v supp = ±1.0V, the input CMVR would be +0.6 volts to 
-1.1 volts). 

OPERATION AT V S UPP = ± 1-0 VOLTS 

Operation at V$upp = ±1.0V is guaranteed at Iq=10juA 
for A and B grades only. This applies to those devices with 
selectable Iq, and devices that are set internally to 
Iq = IOjiA (i.e., ICL7611, 7612, 7642). 

Output swings to within a few millivolts of the supply rails 
are achievable for Ri_>1Mft. Guaranteed input CMVR is 
+ 0.6V minimum and typically +0.9V to -0.7V at 
Vsupp =±1 -0V. For applications where greater common 
mode range is desirable, refer to the description of ICL7612 
above. 


NOTE: All typical values have been characterized but are not tested. 
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The user is cautioned that, due to extremely high input 
impedances, care must be exercised in layout, construction, 
board cleanliness, and supply filtering to avoid hum and 
noise pickup. 


APPLICATIONS 


Note that in no case is Iq shown. The value of Iq must be 
chosen by the designer with regard to frequency response 
and power dissipation. 



0307-30 

Figure 3: Simple Follower* 


+5 +5 



V 0 uT 

TO CMOS OR 
LPTTL LOGIC 


0307-31 

*By using the ICL7612 in these applications, the circuits will follow rail 
to rail inputs. 


Figure 4: Level Detector* 



0307-32 

*Low leakage currents allow integration times up to several hours. 

Figure 5: Photocurrent Integrator 




NOTE: AH typical values have been characterized but are not tested. 
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ICL7650S 

Super Chopper-Stabilized 
Operational Amplifier 


GENERAL DESCRIPTION 

The ICL7650S Super Chopper-Stabilized Amplifier offers 
exceptionally low input offset voltage and is extremely sta- 
ble with respect to time and temperature. It is a direct re- 
placement for the industry-standard ICL7650 offering 
improved input offset voltage, lower input offset voltage 
temperature coefficient, reduced input bias current, and 
wider common mode voltage range. All improvements are 
highlighted in bold italics in the Electrical Characteristics 
section. Critical parameters are guaranteed over the en- 
tire commercial, industrial and military temperature 
ranges. 

Harris’ unique CMOS chopper-stabilized amplifier circuitry 
is user-transparent, virtually eliminating the traditional chop- 
per amplifier problems of intermodulation effects, chopping 
spikes, and overrange lock-up. 

The chopper amplifier achieves its low offset by compar- 
ing the inverting and non-inverting input voltages in a nulling 
amplifier, nulled by alternate clock phases. Two external ca- 
pacitors are required to store the correcting potentials on 
the two amplifier nulling inputs; these are the only external 
components necessary. 

The clock oscillator and all the other control circuitry is 
entirely self-contained. However the 14-lead version in- 
cludes a provision for the use of an external clock, if re- 
quired for a particular application. In addition, the ICL7650S 
is internally compensated for unity-gain operation. 


FEATURES 

• Guaranteed Max Input Offset Voltage for All 
Temperature Ranges 

• Low Long-Term and Temperature Drifts of Input 
Offset Voltage 

• Guaranteed Max Input Bias Current — 10 pA 

• Extremely Wide Common Mode Voltage Range — 

+ 3.5 to — 5V 

• Reduced Supply Current — 2 mA 

• Guaranteed Minimum Output Source/Sink Current 

• Extremely High Gain — 150 dB 

• Extremely High CMRR and PSRR — 140 dB 

• High Slew Rate— 2.5V/jus 

• Wide Bandwidth— 2 MHz 

• Unity-gain Compensated 

• Clamp Circuit to Avoid Overload Recovery Problems 
and Allow Comparator Use 

• Extremely Low Chopping Spikes at Input and Output 

• Characterized Fully Over All Temperature Ranges 

• improved, Direct Replacement for Industry-Standard 
ICL7650 and other Second-Source Parts 


ORDERING INFORMATION 


Part 

Temperature Range 

Package 

ICL7650SCPA-1 

0°C to +70°C 

8-Pin Plastic 

ICL7650SCPD 


14-Pin Plastic 

ICL7650SCTV-1 


8-Pin TO-99 

ICL7650SIPA-1 

— 25°C to +85°C 

8-Pin Plastic 

ICL7650SIPD 


14-Pin Plastic 

ICL7650SIJD 


14-Pin CERDIP 

ICL7650SITV-1 


8-Pin TO-99 

ICL7650SMJD 

— 55°C to + 1 25°C 

14-Pin CERDIP 

ICL7650SMTV-1 


8-Pin TO-99 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. . r\r\r\r\ 

0 File Number 2920 


NOTE: All typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage (V + to V _ ) 18V 

Input Voltage (V+ +0.3) to (V - -0.3) 

Voltage on Oscillator Control Pins V+ to V - 

Duration of Output Short Circuit Indefinite 

Current into Any Pin 10 mA 

— while operating (Note 1) 100 juA 

Continuous Total Power Dissipation 0 a = 25°C) 

CERDIP Package 500 mW 

Plastic Package 375 mW 

TO-99 250 mW 


Storage Temperature Range -55°C to 150°C 

Lead Temperature (Soldering, 10 sec) +300°C 

Operating Temperature Range 

ICL7650SC 0°C to +70°C 

ICL7650SI — 25°C to +85°C 

ICL7650SM - 55°C to + 1 25°C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings " 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 

Test Conditions: (V + = +5V, V - = -5V, Ta = +25°C, Test Circuit as in Fig. 3 (unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Typ 

Max 

Vos 

Input Offset Voltage 
(Note 2) 

Ta — +25°C 


± 0.7 

±5 

jaV 

0"C ST a S + 70°C 


± 1 

±8 

— 25°C <: Ta ^ +85°C 


±2 

± 10 

— 55°C ^ T a ^ +125°C 


±4 

±20 

AV os /AT 

Average Temperature 
Coefficient of Input Offset 
Voltage (Note 2) 

0°C ^ T a ^ + 70°C 


0.02 


jllV/°C 

— 25°C ^ T a ^ +85°C 


0.02 


— 55°C ^ T a ^ +125°C 


0.03 

0.1 

AV 0S /At 

Change in Input 

Offset with Time 



100 


nV/>/month 

/bias 

Input Bias Current 

H(+)i.ii(-)i 

T a = 25°C 


4 

10 

pA 

0°C ^ T a ^ +70°C 


5 

20 

— 25°C <1 T a ^ +85°C 


20 

50 

— 55°C £ T a ^ +85°C 


20 

50 

+ 85°C +125°C 


100 

500 

fas 

Input Offset Current 
IK-H(+)I 

T a = 25°C 


8 

20 

pA 

0°C^T A £ +70°C 


10 

40 

— 25°C £ T a ^ +85°C 


20 

40 

— 55°C ^ T a <: +85°C 


20 

40 

+ 85°C ^ T a £ +125°C 


20 

50 

Rin 

Input Resistance 



1012 


a 

A VOL 

Large Signal Voltage Gain 
(Note 2) 

R l =10 kn,V 0 = ±4V,T A = 25°C 

135 

150 


dB 

0°C ^ T a <: + 70°C 

130 



— 25°C ^ T A ^ + 85°C 

130 



-55°C<T A <. +125°C 

120 



V OUT 

Output Voltage Swing 
(Note 3) 

R l = 10 kn 

±4.7 

±4.85 


V 

r l = ioo kn 


±4.95 



3 


NOTE: AH typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (Continued) 

Test Conditions: (V+ = +5V, V~ = -5V, T A = -F25°C, Test Circuit as in Fig. 3 (unless otherwise specified) 


Symbol 

Parameter 

Test Conditions 

Limits 

Units 

Min 

Typ 

Max 

CMVR 

Common Mode Voltage Range 
(Note 2) 

T a = 25°C 

-5 

-5.2 to + 4 

+ 3.5 

V 

0°C ^ T A ^ +70°C 

-5 


+ 3.5 

— 25°C ^ Ta ^ +85°C 

-5 


+ 3.5 

— 55°C ^ T A ^ +125°C 

-5 


+ 3.5 

CMRR 

Common Mode Rejection Ratio 
(Note 2) 

CMVR= — 5V to + 3.5V,T A = 25 0 C 

120 

140 


dB 

o°c <; T a ^ + 70 °C 

120 



25° C ^ T A ^ + 85°C 

115 



-55°C ^ T a ^ + 1 25°C 

110 



PSRR 

Power Supply Rejection Ratio 

V+,V- = ±3V to ±8V 

120 

140 


dB 

en 

Input Noise Voltage 

R s = 100ft, f = DC to 10 Hz 


2 


jaVp-p 

in 

Input Noise Current 

f = 10 Hz 


0.01 


pA/VHz 

GBW 

Gain Bandwidth Product 



2 


MHz 

SR 

Slew Rate 

C L = 50 pF, R(_ = lOkft 


2.5 


V/jLlS 

t r 

Rise Time 



0.2 


fXS 


Overshoot 



20 


% 

V+ to V~ 

Operating Supply Range 


4.5 


16 

V 

Isupp 

Supply Current 

No Load, T a = 25°C 


2 

3 

mA 

0°C £ T a ^ +70°C 



3.2 

— 25°C <; T a ^ +85°C 



3.5 

-55°C^T A ^ + 1 25°C 



4 

lo source 

Output Source Current 

T a = 25°C 

2.9 

4.5 


mA 

0°C ^ T a <: +70°C 

2.3 



— 25°C ^ T a ^ + 85°C 

2.2 



— 55°C <; T a ^ + 1 25°C 

2 



*0 sink 

Output Sink Current 

T a = 25°C 

25 

30 


mA 

0°C £ T a £ +70°C 

20 



— 25°C £ T A ^ -F85°C 

19 



— 55°C £ T a ^ +125°C 

17 



fch 

Internal Chopping Frequency 

Pins 12 & 14 Open 

120 

250 

375 

Hz 


Clamp ON Current (Note 4) 

R L = 100 kft, T a = 25°C 

25 

70 


juA 


damp OFF Current 
(Note 4) 

-4V £ V out <: +4V, T a = 25°C 


0.001 

5 

nA 

0°C £ Ta ^ +70°C 



10 

-25°C^T A ^ 4-85°C 



10 

— 55°C ^ T a £ + 125°C 



15 


Limiting input current to 100 fiA is recommended to avoid latchup problems. Typically 1 mA is safe, however this is not guaranteed. 

These parameters are guaranteed by design and characterization, but not tested at temperature extremes because thermocouple effects prevent precise 
measurement of these voltages in automatic test equipment. 

OUTPUT CLAMP not connected. See typical characteristic curves for output swing vs. clamp current characteristics. 

See OUTPUT CLAMP under detailed description. 

All significant improvements over the industry-standard ICL7650 are highlighted in bold Italics. 


NOTE 1: 
2: 

3: 

4: 

5: 


NOTE: All typical values have been characterized but are not tested. 
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A-CLKOUT 

A 


Figure 1: Functional Diagram 


0089-1 




8 -PIN DIP 
(PA - 1) 



8 LEAD TO 99 
(TV-1) 

Figure 2: Pin Configurations 


0089-2 


3 


NOTE: All typical values have been characterized but are not tested. 
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INPUT OFFSET VOLTAGE CHANGE — *V 


ICL7650S 


TYPICAL PERFORMANCE CHARACTERISTICS 


Supply Current 
vs. Supply Voltage 



4 6 8 10 12 14 16 

TOTAL SUPPLY VOLTAGE - VOLTS 

0089-3 


Supply Current 
vs. Ambient Temperature 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE -°C 

0089-4 


Common-Mode Input Voltage 
Range vs. Supply Voltage 



0 12345678 


•EACH .SUPPLY VOLTAGE (+ AND -) 

0089-6 


Clock Ripple Referred to the 
Input vs. Temperature 



TEMPERATURE — *C 


Input Offset Voltage Change 
vs. Supply Voltage 



TOTAL SUPPLY VOLTAGE - VOLTS 

0089-9 


Input Offset Voltage 
vs. Chopping Frequency 


■1 

■iiniiiniB i 

■1 

■IlillMI 1 

■MiiniiiHiai it 

s: 

■giiiiiiiiii i 

■i 

giiiiiiiiiiii i 

■i 


■i 

imiiiiiiiii i 

■llllllll■lllmllllllll 

■ii 

lllilHIIIliUlflllllllll 

in 

iiiiii=::;iiii«iiiini! 


> 

a. 



10 100 Ik 10k 

CHOPPING FREQUENCY (CLOCK-OUT) Hx 

0089-10 


Maximum Output Current 
vs. Supply Voltage 



2 4 6 8 10 12 14 16 

TOTAL SUPPLY VOLTAGE - VOLTS 


0089-5 


10Hz P-P Noise Voltage vs. 
Chopping Frequency 



10 100 Ik 10k 

CHOPPING FREQUENCY (CLOCK-OUT) Hz 


0089-8 


Output with Zero Input; 
Gain = 1000; Balanced Source 
Impedance = 10 kft 



123456789 
TIME - m« 


0089-11 


NOTE: All typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


Open Loop Gain and Phase Shift 
vs. Frequency 



Voltage Follower Large Signal 
Pulse Response* 



0 0.5 1 1.5 2 2.5 


TIME • M S 


Open Loop Gain and Phase Shift 



to g 

Q 

co£ 
5 

110 


a 


ISO 


0.01 0.1 1 10 ICO Ik 10k 100k 

FREQUENCY Ms 


Voltage Follower Large Signal 
Pulse Response* 



0 0.5 1 1.5 2 

TIME • fiS 


0089-14 0089-15 

*the two different responses correspond to the two phases of the clock. 


N-Channel Clamp Current 
vs. Output Voltage 



P-Channel Clamp Current 
vs. Output Voltage 



OUTPUT VOLTAGE AV + 


0089-16 


0089-17 



NOTE: All typical values have been characterized but are not tested. 
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r 2 

IMA 



DETAILED DESCRIPTION 
Amplifier 

The functional diagram shows the major elements of the 
ICL7650S. There are two amplifiers, the main amplifier, and 
the nulling amplifier. Both have offset-null capability. The 
main amplifier is connected continuously from the input to 
the output, while the nulling amplifier, under the control of 
the chopping oscillator and clock circuit, alternately nulls 
itself and the main amplifier. The nulling connections, which 
are MOSFET gates, are inherently high impedance, and two 
external capacitors provide the required storage of the null- 
ing potentials and the necessary nulling-loop time con- 
stants. The nulling arrangement operates over the full com- 
mon-mode and power-supply ranges, and is also indepen- 
dent of the output level, thus giving exceptionally high 
CMRR, PSRR, and Avol* 

Careful balancing of the input switches, and the inherent 
balance of the input circuit, minimizes chopper frequency 
charge injection at the input terminals, and also the feedfor- 
ward-type injection into the compensation capacitor, which 
is the main cause of output spikes in this type of circuit. 

Intermodulation 

Previous chopper-stabilized amplifiers have suffered from 
intermodulation effects between the chopper frequency and 
input signals. These arise because the finite AC gain of the 
amplifier necessitates a small AC signal at the input. This is 
seen by the zeroing circuit as an error signal, which is 
chopped and fed back, thus injecting sum and difference 
frequencies and causing disturbances to the gain and 
phase vs. frequency characteristics near the chopping fre- 
quency. These effects are substantially reduced in the 
ICL7650S by feeding the nulling circuit with a dynamic cur- 
rent, corresponding to the compensation capacitor current, 
in such a way as to cancel that portion of the input signal 
due to finite AC gain. Since that is the major error contribu- 
tion to the ICL7650S, the intermodulation and gain/phase 
disturbances are held to very low values, and can generally 
be ignored. 

Capacitor Connection 

The null/storage capacitors should be connected 7, the 
Cexta and C EXTB pins, with a common connection to the 
Cretn pin. This connection should be made directly by ei- 
ther a separate wire or PC trace to avoid injecting load cur- 
rent IR drops into the capacitive circuitry. The outside foil, 
where available, should be connected to Cretn- 


Output Clamp 

The OUTPUT CLAMP pin allows reduction of the over- 
load recovery time inherent with chopper-stabilized amplifi- 
ers. When tied to the inverting input pin, or summing junc- 
tion, a current path between this point and the OUTPUT pin 
occurs just before the device output saturates. Thus uncon- 
trolled input differential inputs are avoided, together with the 
consequent charge build-up on the correction-storage ca- 
pacitors. The output swing is slightly reduced. 

Clock 

The ICL7650S has an internal oscillator, giving a chop- 
ping frequency of 200 Hz, available at the CLOCK OUT pin 
on the 14-pin devices. Provision has also been mad e for the 
use of an external clock in these parts. The INT/EXT pin 
has an internal pull-up and may be left open for normal op- 
eration, but to utilize an external clock this pin must be tied 
to V - to disable the internal clock. The external clock signal 
may then be applied to the EXT CLOCK IN pin. An internal 
divide-by-two provides the desired 50% input switching duty 
cycle. Since the capacitors are charged only when EXT 
CLOCK IN is high, a 50% -80% positive duty cycle is rec- 
ommended, especially for higher frequencies. The external 
clock can swing between V+ and V~. The logic threshold 
will be at about 2.5V below V+. Note also that a signal of 
about 400 Hz, with a 70% duty cycle, will be present at the 
EXT CLOCK IN pin with INT/EXT high or open. This is the 
internal clock signal before being fed to the divider. 

In those applications where a strobe signal is available, 
an alternate approach to avoid capacitor misbalancing dur- 
ing overload can be used. If a strobe signal is connected to 
EXT CLK IN so that it is low during the time that the over- 
load signal is applied to the amplifier, neither capacitor will 
be charged. Since the leakage at the capacitor pins is quite 
low at room temperature, the typical amplifier will drift less 
than 1 0 p,V/sec, and relatively long measurements can be 
made with little change in offset. 

BRIEF APPLICATION NOTES 
Component Selection 

The two required capacitors, Cexta and Cextb. have op ' 
timum values depending on the clock or chopping frequen- 
cy. For the preset internal clock, the correct value is 0.1 /xF, 
and to maintain the same relationship between the chop- 
ping frequency and the nulling time constant this value 
should be scaled approximately in proportion if an external 
clock is used. A high-quality film-type capacitor such as my- 
lar is preferred, although a ceramic or other lower-grade 
capacitor may prove suitable in many applications. For 
quickest setting on initial turn-on, low dielectric absorption 
capacitors (such as polypropylene) should be used. With 
ceramic capacitors, several seconds may be required to 
settle to 1 p,V. 

Static Protection 

All device pins are static-protected by the use of input 
diodes. However, strong static fields and discharges should 
be avoided, as they can cause degraded diode junction 
characteristics, which may result in increased input-leakage 
currents. 


NOTE: All typical values have been characterized but are not tested. 
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Latchup Avoidance 

Junction-isolated CMOS circuits inherently include a par- 
asitic 4-layer (p-n-p-n) structure which has characteristics 
similar to an SCR. Under certain circumstances this junction 
may be triggered into a low-impedance state, resulting in 
excessive supply current. To avoid this condition, no volt- 
age greater than 0.3V beyond the supply rails should be 
applied to any pin. In general, the amplifier supplies must be 
established either at the same time or before any input sig- 
nals are applied. If this is not possible, the drive circuits 
must limit input current flow to under 1 mA to avoid latchup, 
even under fault conditions. 

Output Stage/ Load Driving 

The output circuit is a high-impedance type (approximate- 
ly 18 kfl), and therefore with loads less than this value, the 
chopper amplifier behaves in some ways like a transcon- 
ductance amplifier whose open-loop gain is proportional to 
load resistance. For example, the open-loop gain will be 
17 dB lower with a 1 kil load than with a 10 k Cl load. If the 
amplifier is used strictly for DC, this lower gain is of little 
consequence, since the DC gain is typically greater than 
120 dB even with a 1 kfl load. However, for wideband appli- 
cations, the best frequency response will be achieved with a 
load resistor of 10 ka or higher. This will result in a smooth 
6 dB/octave response from 0.1 Hz to 2 MHz, with phase 
shifts of less than 10° in the transition region where the 
main amplifier takes over from the null amplifier. 

Thermo-Electric Effects 

The ultimate limitations to ultra-high precision DC amplifi- 
ers are the thermo-electric or Peltier effects arising in ther- 
mocouple junctions of dissimilar metals, alloys, silicon, etc. 
Unless all junctions are at the same temperature, thermo- 
electric voltages typically around 0.1 jllV/°C, but up to tens 
of jaV/°C for some materials, will be generated. In order to 


realize the extremely low offset voltages that the chopper 
amplifier can provide, it is essential to take special precau- 
tions to avoid temperature gradients. All components 
should be enclosed to eliminate air movement, especially 
that caused by power-dissipating elements in the system. 
Low thermoelectric-efficient connections should be used 
where possible and power supply voltages and power dissi- 
pation should be kept to a minimum. High-impedance loads 
are preferable, and good separation from surrounding heat- 
dissipating elements is advisable. 

Guarding 

Extra care must be taken in the assembly of printed cir- 
cuit boards to take full advantage of the low input currents 
of the ICL7650S. Boards must be thoroughly cleaned with 
TCE or alcohol and blown dry with compressed air. After 
cleaning, the boards should be coated with epoxy or sili- 
cone rubber to prevent contamination. 

Even with properly cleaned and coated boards, leakage 
currents may cause trouble, particularly since the input pins 
are adjacent to pins that are at supply potentials. This leak- 
age can be significantly reduced by using guarding to lower 
the voltage difference between the inputs and adjacent 
metal runs. Input guarding of the 8-lead TO-99 package is 
accomplished by using a 10-lead pin circle, with the leads of 
the device formed so that the holes adjacent to the inputs 
are empty when it is inserted in the board. The guard, which 
is a conductive ring surrounding the inputs, is connected to 
a low impedance point that is at approximately the same 
voltage as the inputs. Leakage currents from high-voltage 
pins are then absorbed by the guard. 

The pin configuration of the 14-pin dual in-line package is 
designed to facilitate guarding, since the pins adjacent to 
the inputs are not used (this is different from the standard 
741 and 101 A pin configuration, but corresponds to that of 
the LM108). 



NOTE: All typical values have been characterized but are not tested. 
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Pin Compatibility 

The basic pinout of the 8-pin device corresponds, where 
possible, to that of the industry-standard 8-pin devices, the 
LM741, LM101, etc. The null-storing external capacitors are 
connected to pins 1 and 8, usually used for offset null or 
compensation capacitors, or simply not connected. In the 
case of the OP-05 and OP-07 devices, the replacement of 
the offset-null pot, connected between pins 1 and 8 and 
V + , by two capacitors from those pins to pin 5, will provide 
easy compatibility. As for the LM108, replacement of the 
compensation capacitor between pins 1 and 8 by the two 
capacitors to pin 5 is all that is necessary. The same opera- 
tion, with the removal of any connection to pin 5, will suffice 
for the LM101, jaA748, and similar parts. 

The 14-pin device pinout corresponds most closely to 
that of the LM108 device, owing to the provision of “NC” 
pins for guarding between the input and all other pins. Since 
this device does not use any of the extra pins, and has no 
provision for offset-nulling, but requires a compensation ca- 
pacitor, some changes will be required in layout to convert it 
to the ICL7650S. 

TYPICAL APPLICATIONS 

Clearly the applications of the ICL7650S will mirror those 
of other op amps. Anywhere that the performance of a cir- 
cuit can be significantly improved by a reduction of input-off- 
set voltage and bias current, the ICL7650S is the logical 
choice. Basic non-inverting and inverting amplifier circuits 
are shown in Figures 5 and 6. Both circuits can use the 
output clamping circuit to enhance the overload recovery 
performance. The only limitations on the replacement of 
other op amps by the ICL7650S are the supply voltage 
(±8V max.) and the output drive capability (10 kn load for 
full swing). Even these limitations can be overcome using a 
simple booster circuit, as shown in Figure 7, to enable the 
full output capabilities of the LM741 (or any other standard 
device) to be combined with the input capabilities of the 
ICL7650S. The pair form a composite device, so loop gain 
stability, when the feedback network is added, should be 
watched carefully. 
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0089-20 

Figure 5: Non Inverting Amplifier 

With Optional Clamp 

NOTE: R 1 /R 2 indicates the parallel combination of Ri and R 2 
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FOR FULL CLAMP EFFECT 

Figure 6: Inverting Amplifier 

With (Optional) Clamp 

NOTE: R-j/R 2 indicates the parallel combination of Ri and R 2 


Figure 8 shows the use of the clamp circuit to advantage 
in a zero-offset comparator. The usual problems in using a 
chopper stabilized amplifier in this application are avoided, 
since the clamp circuit forces the inverting input to follow 
the input signal. The threshold input must tolerate the out- 
put clamp current ~ Vin/R without disturbing other portions 
of the system. 



0089-22 

Figure 7: Using 741 to Boost 
Output Drive Capacity 



0089-23 

Figure 8: Low Offset Comparator 


Normal logarithmic amplifiers are limited in dynamic range 
in the voltage-input mode by their input-offset voltage. The 
built-in temperature compensation and convenience fea- 
tures of the ICL8048 can be extended to a voltage-input 
dynamic range of close to 6 decades by using the ICL7650S 
to offset-null the ICL8048, as shown in Figure 9. The same 
concept can also be used with such devices as the HA2500 
or HA2600 families of op amps to add very low offset volt- 
age capability to their very high slew rates and bandwidths. 
Note that these circuits will also have their DC gains, 
CMRR, and PSRR enhanced. 


NOTE: All typical values have been characterized but are not tested. 
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ICL7650S 



NOTE: All typical values have been characterized but are not tested. 
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OPERATIONAL 

AMPLIFIERS 









Operational Amplifiers Glossary of Terms 


AVERAGE INPUT OFFSET CURRENT DRIFT - The 

average change in offset current between room (+250C) 
and high temperature (+125°C, +85°C or +75°C) 
or between room temperature and low temperature 
(0°C, -25°C or -55°C) divided by the temperature 
difference. 

AVERAGE OFFSET VOLTAGE DRIFT - The average 
change in offset voltage between room (+25°C) and high 
temperature (+125°C, +85°C or +75°C) or between room 
temperature and low temperature (0°C, -250C or -55°C) 
divided by the temperature difference. 

CHANNEL SEPARATION - The ratio of the output of a 
driven amplifier to the output (referred to input) of an 
adjacent undriven amplifier. 

COMMON MODE INPUT VOLTAGE (V(q) - The average 
of the voltages present at the differential input terminals. 

COMMON MODE INPUT VOLTAGE RANGE (V|cr) - The 

range of voltage that if exceeded at either input terminal will 
cause the amplifier to cease operating properly. 

COMMON MODE REJECTION RATIO (CMRR) - The ratio 
of change in input offset voltage to change in input 
common-mode voltage, expressed in dB. 

CMRR = 20 x log 10 

COMMON MODE RESISTANCE (n c ) - The ratio of change 
in input common-mode voltage to the resulting change in 
input current. 

DIFFERENTIAL INPUT RESISTANCE (rid) " The ratio of 
change in input differential voltage (small-signal, assumes 
amplifier operating linearly) to the resulting change in differ- 
ential input current. 

FULL POWER BANDWIDTH (FPBW) - The maximum 
frequency at which a full scale undistorted (THD < 1%) sine 
wave can be obtained at the output of the amplifier. 

GAIN BANDWIDTH (GBW) - The open-loop gain of an op 
amp (in V/V) at a mid-band, linear-region frequency 
(usually between IKHz and lOKHz) times that frequency 
(in Hz). GBW * [AvOLl * f 

INPUT BIAS CURRENT (leiAS) - The average of the 
currents flowing into or out of the input terminals when the 
output is at zero volts. 

INPUT CAPACITANCE (Cin) - The equivalent capaci- 
tance seen looking into either input terminal. 

INPUT NOISE CURRENT (i n ) - The input noise current 
that would reproduce the noise seen at the output if all 
amplifier noise sources were set to zero and the source 
impedances were large compared to the optimum source 
impedance. 


INPUT OFFSET CURRENT (los) " The difference in the 
currents flowing into the two input terminals when the 
output is at zero volts. 

INPUT OFFSET VOLTAGE (Vqs) - The differential D.C. 
voltage required to zero the output voltage with no input 
signal or load. Input offset voltage may also be defined for 
the case where two equal resistances are inserted in series 
with the input leads. 

INPUT NOISE VOLTAGE (e n ) - The input noise voltage 
that would reproduce the noise seen at the output if all the 
amplifier noise sources and source resistances were set to 
zero. 

LARGE SIGNAL VOLTAGE GAIN (A v ) - The ratio of the 
peak to peak output voltage swing (over a specified range) 
to the change in input voltage required to drive the output. 

OUTPUT CURRENT (loUT) - The output current available 
from the amplifier at some specified output voltage. 

OUTPUT RESISTANCE (RO) - The ratio of the change in 
output voltage to the change in output current. 

OUTPUT SHORT CIRCUIT CURRENT (Isc) “ The output 
current available from the amplifier with the output shorted 
to ground (or other specified potential). 

OUTPUT VOLTAGE SWING (VoUT) " The maximum 
output voltage swing, referred to ground, that can be 
obtained under specified loading conditions. 

OVERSHOOT - Peak excursion above final value of an 
output step response. 

POWER SUPPLY REJECTION RATIO (PSRR) - The ratio 
of the change in input offset voltage to the change in power 
supply voltage producing it. 

RISE TIME (t r ) - The time required for an output voltage 
step to change from 10% to 90% of its final value, when the 
input is subjected to a small-signal voltage pulse. 

SETTLING TIME (t se t.) - The time required, after applica- 
tion of a step input signal, for the output voltage to settle and 
remain within a specified error band around the final value. 

SLEW RATE (SR) - The rate of change of the output under 
large-signal conditions. Slew rate may be specified 
separately for both positive and negative going changes. 

SUPPLY CURRENT (Is) - The current required from the 
power supply to operate the amplifier with no load and the 
output at zero volts. 

SUPPLY VOLTAGE RANGE - The range of power supply 
voltage over which the amplifier may be safely operated. 

UNITY GAIN BANDWIDTH - The frequency range from 
D.C. to that frequency where the amplifiers open loop gain 
is unity. 
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COMPARATORS 

General Purpose Electrical Characteristics, Ta = +25°C 


TYPE 

VlO 

MAX 

mV 

•i 

MAX 

nA 

1 

MAX 

v+ 

V- 

a ol 

(MIN) 

dB 

RESPONSE 

TIME 

PIN 

COUNT 

AND 

PKG 

TYPE 

Dual-Unit Types 


Q| 

'1^23 

3 

ESI 

ES 

0) 

8E,S,T 

14E1 

CA3290A 

b 

E5H 

3 

mu 

El 

Quad-Unit Types 

CA139 

5 


8 

ESS 

- 

(2) 

14E 

CA139A 

n 


8 

ESS 

ESI 

14E 

CA239 

5 

H2I 

B 

ESS 

- 

14E 

CA239A 

a 


2 

ESS 

KB 

14E 

CA339 

5 


B 

ESS 

m 

14E 

CA339A 

B 


B 

ESS 

B 

14E 




>10 

nA 

COMMENTS 

RE- 

SPONSE 

TIME 

PIN 

CT 

AND 

PKG 

TYPE 

HA-4900 

a 

13 

Single or dual supply. 
Analog and logic 
supplies separated for 
easier interface and 
noise immunity 

130ns 

16 

HA-4902 

a 

□ 

130ns 

16 

HA-4905 

a 


130ns 

CO 


*See Packaging and Ordering Information in Section 12. 
Response Time: 

(1) - tr = 1.2 ps, tf = 200 ns 

(2) - tr = 1 .3 ps, tf = 300 ns 


Ultra High Speed Comparators 



PROPAGATION 

TRACKING 


LARGE SIGNAL 



DELAY 

BANDWIDTH 

v IO 

VOLTAGE GAIN 


TYPE 

ns 

MHz 

mV 

V/V 

COMMENTS 

H FA-0003 

2.0 

270 

1 

3100 

Direct Output Version 

H FA-0003 L 

2.1 

270 

B 

3100 

Latched Output Version with User Programmable 
Hysteresis Control 
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^ CA13 9 , CA139A, CA239, 

3 CA239A, CA33 9 , CA339A, 

LM33 9 *, LM339A* 

Quad Voltage Comparators 
For Industrial, Commercial and Military Applications 


Features 

® Operation from Single or Dual Supplies 
® Common Mode Input Voltage Range to GND 

• Output Voltage Compatible with TTL, DTL, ECL, MOS 
and CMOS 

• Differential Input Voltage Range Equal to the Supply 
Voltage 

• Maximum Input Offset Voltage (Vjo): 

► CA139A, CA239A, CA339A 2mV 

► CA139, CA239, CA339 5mV 

® Replacement for Industry Types 1 39, 239, 339, 1 39A, 
239A, and 339A 

Applications 
® Square Wave Generators 
® Time Delay Generators 
® Pulse Generators 
® Multivibrators 

® High Voltage Digital Logic Gates 
® A/D Converters 
® MOS Clock Timers 


Description 

The CA139, CA239, CA339, CA139A, CA239A, and 
CA339A types consist of four independent single or dual 
supply voltage comparators on a single monolithic 
substrate. The common mode input voltage range includes 
ground even when operated from a single supply, and the 
low power supply current drain makes these comparators 
suitable for battery operation. These types were designed to 
directly interface with TTL and CMOS. 

Types CA1 39A, CA239A, and CA339A have all the features 
and characteristics of their prototype counterparts CA139, 
CA239, and CA339 plus an even lower input offset voltage 
characteristic. These devices are supplied in a 14-lead 
Small Outline package (M suffix), in a 14-lead dual-in-line 
plastic package (E suffix) and in a 14-lead dual-in-line 
hermetic (frit- seal) ceramic package (F suffix). The CA339 
is also available in chip form (H suffix). 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 


File Number 795.1 
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CA 139 , CA 139 A, CA239, CA239A, 
CA339, CA339A, LM339, LM339A 


MAXIMUM RATINGS, Absolute-Maximum Values at T A =25°C: 


DC SUPPLY VOLTAGE 

DC DIFFERENTIAL INPUT VOLTAGE 

INPUT VOLTAGE 

INPUT CURRENT (V, < -0.3 V)* 

OUTPUT SHORT CIRCUIT TO GROUND* 

(Single Supply) 

DEVICE DISSIPATION: 

Up to T A = 55°C 

Above T A = 55°C 

AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 in. (1 .59 ± 0.79 mm) 
from case for 10 seconds max 


36 V or ±18 V 
±36 V 
-0.3 V to +36 V 
50 mA 


Continuous 
750 mW 

derate linearly at 6.67 mW/°C 

-55 to +125°C 
-65 to +150°C 


+265°C . 


* Inputs must not go more negative than —0.3 V. 

*Short circuits from the output to V + can cause excessive heating and eventual destruction. 
The maximum output current independent of V + is approximately 20 mA. 


V + 



Fig. 2— Schematic diagram. 
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CA 139, CA 139A, CA239, CA239A, 
CA339, CA339A, LM339, LM339A 


ELECTRICAL CHARACTERISTICS 


TEST CONDITIONS 


CHARACTERISTIC 


Input Offset 
Voltage (V \ q ) 

At Output Switch 
Point V = 1.4 V 


Differential Input 
Voltage (V !D ) 


Saturation Voltage 
^sat^ 


Common-Mode 
Input Voltage 
Range (Vj CR ) 


Input Offset 
Current (Ijq) 


Unless otherwise 
indicated 


V REF = 

1.4 V,R s = 0 Note 1 


Keep all inputs >0 V 
for V - (If used), 
Notes 1, 2 


V|"= 1 V, 
V| + = 0 V, 



Output Leakage 
Current 


Output Sink 
Current 


Voltage Gain (Aql) 


Large Signal 
Response Time 


Response Time 
See Figs. 5 & 6 


V ( = TTL Logic 
Swing, V R pp = 

+1.4 V,V R L = 5.0 V, 
R L = 5.1 kft, 

T a = 25°C 


V rl = 5V, 
R l = 5.1 kft, 
T a = 25°C 


Note 1 : Ambient Temperature (T^) applicable over operating temperature range as shown below. 

( " 55 t0 +125 ° C) I ( “ 25 t0 +85 ° C) I (0 t0 +70 ° C > 

CA139A ICA239A | CA339A 

Note 2: The comparator will provide a proper output state even if the positive swing of the inputs exceeds 
the power supply voltage level, if the other input remains within the common-mode voltage range. 
The low input voltage state must not be less than —0.3 V (or 0.3 V below the magnitude of the 
negative power supply, if used). 

Note 3: The upper end of the common-mode voltage range is (V + ) — 1.5 V, but either or both inputs can 
go to +30 V without damage. 
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CA 139, CA 139A, CA239, CA239A, 
CA339, CA339A, LM339, LM339A 


ELECTRICAL CHARACTERISTICS 



Note 1 : Ambient Temperature (T^) applicable over operating temperature range as shown below. 

“', 3 ’ (-55 to +1 2 5°C) CA239 (-25 to +85°C) CA339 (0to+70°C) 

CA139A CA239A CA339A 

Note 2: The comparator will provide a proper output state even if the positive swing of the inputs exceeds 
the power supply voltage level, if the other input remains within the common-mode voltage range. 
The low input voltage state must not be less than —0.3 V (or 0.3 V below the magnitude of the 
negative power supply, if used). 

Note 3: The upper end of the common-mode voltage range is (V + ) — 1.5 V, but either or both inputs can 
go to +30 V without damage. 
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OUTPUT SATURATION VOLTAGE [Vq(SAT)] 


CA 139 , C4 73SA C>4239, CA239A, 
CA339, CA339A f LM339, LM339A 

TYPICAL CHARACTERISTICS 
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Fig. 3-Supply current vs. supply voltage. 



SUPPLY VOLTAGE (V + ) — V 


Fig. 4— Input current vs. supply voltage. 
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Fig. 5— Response time for various input 


Fig. 6— Response time for various input 


o verdri ves— negative transi tion. 


o verdrives—positi ve transi tion. 


Chip Version (CA339H) 



Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils ( 10~ 3 inch). 
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CA3098 

Programmable Schmitt Trigger - With Memory 
Dual-Input Precision Level Detectors 


Features 

• Programmable Operating Current 

• IVlicropower Standby Dissipation 

• Direct Control of Currents Up to 1 50mA 

•Low Input On/Off Current of Less Than InA for 
Programmable Bias Current of IpA 

• Built-in Hysteresis 20mV (Max) 


Applications 

• Control of Relays, Heaters, LEDs, Lamps, 
Photosensitive Devices, Thyristors, Solenoids, etc. 

• Signal Reconditioning 

• Phase and Frequency Modulators 

• On/Off Motor Switching 

® Schmitt Triggers, Level Detectors 

• Time Delays 

• Overvoltage, Overcurrent, Overtemperature 
Protection 

• Battery-Operated Equipment 

• Square and Triangular-Wave Generators 


Description 

The CA3098 Programmable Schmitt Trigger is a 
monolithic silicon integrated circuit designed to control 
high-operating-current loads such as thyristors, lamps, 
relays, etc. The CA3098 can be operated with either a single 
power supply with maximum operating voltage of 1 6V, or a 
dual power supply with maximum operating voltage of ±8 V. 
It can directly control currents up to 1 50mA and operates 
with microwatt standby power dissipation when the current 
to be controlled is less than 30mA. The CA3098 contains 
the following major circuit-function features (see Figure 1): 

1. Differential amplifiers and summer: the circuit uses two 
differential amplifiers, one to compare the input voltage 
with the “high” reference, and the other to compare the 
input with the “low” reference. The resultant output of the 
differential amplifiers actuates a summer circuit which 
delivers a trigger that initiates a change in state of a 
flip-flop. 

2. Flip-flop: the flip-flop functions as a bistable 
“memory” element that changes state in response to 
each trigger command. 

3. Driver and output stages: these stages permit the 
circuit to "sink” maximum peak load currents up to 
1 50mA at terminal 3. 

4. Programmable operating current: the circuit 
incorporates access at terminal 2 to permit programming 
the desired quiescent operating current and 
performance parameters. 

The CA3098 is supplied in the 8 lead dual-in-line plastic 
package (“Mini-DIP”, E suffix), and in chip form (H suffix). 

For information on another Harris Dual-Input Precision 
Level Detector, see the data bulletin for the Harris 
CA3099E, File No. 620. 


Pinout 


Block Diagram 


CA3098 
TOP VIEW 


LOW REF. [T 

'bias GE 

OUT [T 

v. E 


T] + IN 
T| HIGH REF. 

jD V+ 

"il CURRENT 
— CONTROL 


PROGRAMMABLE 
BIAS CURRENT 

INPUT ('BIAS! V+ 



FIGURE 1. BLOCK DIAGRAM OF CA3098 PROGRAMMABLE SCHMITT TRIGGER 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 


File Number 896.1 
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ELECTRICAL CHARACTERISTICS at T A = 25°C Unless Otherwise Specified 


CHARACTERISTIC 

TEST CONDITIONS 

Fig. 

LIMITS 

UNITS 

No. 

Min. 

Typ. 

Max. 

Input Offset Voltage: 







"Low" Ref., V| 0 (lr) 

V E r = Gnd, V|_j p = 3 V 

'bias = 100 AA 

5 

-15 

-3 

6 

mV 

"High" Ref., V| 0 (HR) 

V HR = Gnd, V LR = -3 V 

'bias = 100 

6 

-10 

±10 

10 


Temp. Coeff: 







"Low" Ref. 

—55 °C to + 1 25 °C 

7 

- 

4.5 

- 

mv/°c 

"High" Ref. 

-55 °C to + 1 25 °C 

8 

- 

±8.2 

- 

Min. Hysteresis 

Voltage V )0 (HR-LR): 

VrEG = 6 V, V + = 12 V 

'bias = 100 AA 

9 

- 

3 

20 

mV 

Temp. Coeff. 

— 55°C to + 125 °C 

10 

- 

6.7 

_ 

AtV/°C 

Output Saturation Voltage, 
V CE (SAT) 

V| = 4 V, Vreg = 6 V, 

V + = 12 V, l B(AS = 100/iA 

11,12 

- 

0.72 

1.2 

V 

Total Supply Current, 







'total 1 







"ON" 

V| = 4 V, V REG = 6 V; 

V + = 12 V, 1 B | AS =100 pA 

13,14 

500 

710 

800 


"OFF" 

V| = 8V, V REG -6V 

V + = 1 2 V, l B , AS = IOOjuA 


400 

560 

750 

pA 

Input Bias Current, l| B : 







'B(p-n-p) 

Vj = 4 V, V REG = 6 V 

V + = 12V,I B | AS =100juA 

15 

- 

42 

100 

nA 

'B(n-p-n) 

V, = 8 V, V REG = 6 V 

V + = 12 V, 1 B | AS =100 pA 


- 

28 

100 

nA 

Output Leakage Current, 
'CE(OFF) 

Current from Term. 3 when 

Q46 is "OFF" 

- 

- 

- 

10 

A a 

Switching Times: 







Delay, t d 

l c = 100 pA 


- 

600 

- 

ns 

Fall, tf 

'bias = 100 ^ A 

18 

- 

50 

- 

ns 

Rise, t r 

V + = 5 V 

! 


- 

500 

- 

ns 

Storage, t s 

vreg = 2.5 V 


- 

4.5 

- 

AS 

Output Current, Iq 

V+= 12V,I b , as = 50mA 

- 

100 

- 

- 

mA 
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CA3098 


Maximum Ratings, Absolute-Maximum Values at T A = 25° C: 


Supply Voltage Between Terminals 6 and 4, 16 V 

Output Voltage Between Terminals 7 and 4, and 3 and 4 16 V 

Differential Input Voltage Between Terminals 8 and 1, and 

Terminals 7 and 8 10 V 

Operating Voltage Range: 

Term. 8 V“ to V + 

Term. 7 (V” plus 2.0 V) to V + 

Term. 1 (V~) to (V + minus 2.0 V) 

Load Current (Term. 3) 150 mA 

Input Current to Voltage Regulator (Term. 5) 25 mA 

Programmable Bias Current (Term. 2) 1 mA 

Output Current Control (Term. 5) 15 mA 

Power Dissipation: 

UptoT A = 55°C 630 mW 

Above T A = 55°C Derate linearly at 6.67 mW/°C 

Ambient Temperature Range (All Packages): 

Operating -55 to +125 °C 

Storage -65 to +150 °C 

Lead Temperature (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 

from case for 10 seconds max 265 °C 





Fig. 2 - Schematic diagram of CA3098. 
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CA3098 


General Description of Circuit Operation 
(Refer to Figs. 2, 3, 4) 

When the signal-input voltage of the CA3098 is equal to or 
less than the “low” reference voltage (LR), current flows 
from an external power supply through a load connected to 
terminal 3 (“sink” output). Thiscondition is maintained until 
the signal-input voltage rises to or exceeds the “high” 
reference voltage (HR), thereby effecting a change in the 
state of the flip-flop (memory) such that the output stage 
interrupts current flow in the external load. This condition, 
in turn, is maintained until such time as the signal again 
becomes equal to or less than the “low" reference voltage 
(VR). 



The CA3098 comparator is unique in that it contains circuit 
provisions to permit programmability. This feature provides 
flexibility to the designer to optimize quiescent power 
consumption, input-circuit characteristics, hysteresis, and 
additionally permits independent control of the comparator, 
namely, pulsing, strobing, keying, squelching, etc. Program- 
mability is accomplished by means of the bias current (l b ia 3 ) 
supplied to terminal 2. 

An auxiliary means of controlling the magnitude of load- 
current flow at terminal 3 is provided by “sinking” current 
into terminal 5. Figs 3 and 4 highlight the operation of the 
CA3098 when connected as a simple hysteresis switch 
(Schmitt trigger). 


o . . o- , , . Output Voltage (V) 

Sequence Input Signal Level Y_ 

ITerm. 3; 


1 

4>E |n >0 

0 

2 

8>E in >4 

0 

3 

z : 

V 

00 

12 

2 

8>E, n >4 

12 

1 

4>E, n >0 

0 


Fig. 3 - Basic hysteresis switch ( Schmitt trigger). 


Fig. 4 - Resultant output states of the CA3098, shown in 
Fig. 3 as a function of various input signal levels. 



TYPICAL CHARACTERISTIC CURVES 




Fig. 5 - Input-offset voltage (“low" reference) vs. programming bias 
current. 



Fig. 6 - Input-offset voltage (“high" reference) vs. programming 
bias current. 
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AMBIENT TEMPERATURE (T A I — »C 


Fig. 7 - Input-offset voltage (“low" reference) vs. ambient 
temperature. 
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Fig. 8 - Input-offset voltage (“high" reference) vs. ambient 
temperature. 
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TYPICAL CHARACTERISTIC CURVES (Cont’d) 




Fig. 9 - Min. hysteresis voltage vs. programming bias current. Fig. 10 - Min. hysteresis voltage vs. ambient temperature. 




Fig. 1 1 - Output saturation voltage vs. output sink current. Fig. 12 - Output saturation voltage vs. ambient temperature. 




Fig. 13 - Total supply current vs. programming bias current. Fig. 14 - Total supply current vs. ambient temperature. 
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TEST CIRCUITS 



HYSTERESIS VOLTAGE* V r "OFF" — Vj“ON“ 


Fig. 16 - Input-offset voltage test circuit. Fig. 17 - Min. hysteresis voltage, total supply current, 

and input-bias-current test circuit. 


v+- 



TYPICAL APPLICATIONS 



Fig. 19- Time delay circuit: Terminal 3 "sinks" after t seconds. Fig. 20 - Time delay circuit: "sink" current interrupted 

after r seconds. 
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TYPICAL APPLICATIONS (Cont’d) 




r _ 


TH 2— ► 

2 


TH, — ► 

a j 

~ [2 


L J 

31— T. - 


WATER 

LEVEL 


Notes (a) Motor pump is "ON” when water level rises above F/g. 22(b) - Water level diagram for circuit of Fig. 22(a). 

thermistor TH2. 

(b) Motor pump remains "ON” until water level falls 
below thermistor TH^ . 

(c) Thermistors, operate in self-heating mode. 


Fig. 22(a) - Water-level control. 




Fig. 23 - OFF/ON control of triac with programmable hysteresis. 


Fig. 24 - One-shot multivibrator. 


Dimensions in parentheses are in millimeters and are derived from 
the basic inch dimensions as indicated. Grid graduations are in 
mils (10~ 3 inch). 


The layout represents a chip when it is part of the wafer. When the 
wafer is cut into chips, the cleavage angles are 57° instead of 90° 
with respect to the face of the chip. Therefore, the isolated chip is 
actually 7 mils (0.17 mm) larger in both dimensions. 



Dimensions and pad layout for the CA3098H. 
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Features 

• MOSFET Input Stage 

► Very High Input Impedance (Z|n) 1.7 TT2 (Typ) 

► Very Low Input Current @ V+ = +5V 3.5pA (Typ) 

► Wide Common Mode Input Voltage Range (V|qr) - 
can be Swung 1.5V (Typ) Below Negative Supply - 
Voltage Rail 

► Virtually Eliminates Errors Due to Flow of Input 
Currents 

• Output Voltage Compatible with TTL, DTL, ECL, MOS, 
and CMOS Logic Systems in Most Applications 

Applications 

• High Source Impedance Voltage Comparators 

• Long Time Delay Circuits 

• Square Wave Generators 

• A/D Converters 

• Window Comparators 


CA3290A 

CA3290 

BiMOS Dual Voltage Comparator 
With MOSFET Input, Bipolar Output 


Description 

The CA3290A and CA3290 types consist of a dual voltage 
comparator on a single monolithic chip. The common mode 
input voltage range includes ground even when operated 
from a single supply. The low supply current drain makes 
these comparators suitable for battery operation; their 
extremely low input currents allow their use in applications 
that employ sensors with extremely high source impedances. 
Package options are shown in the table below. 


Selection Chart 


SELECTION 

CHARACTERISTIC 

PACKAGE AND SUFFIX 

MAX 

V| 0 

(mV) 

MAX 

l| 

(PA) 

MIN 

aol 

V+ 

(V) 

TO-5 

PLASTIC 

STD 

DIL- 

CAN 

8- 

LEAD 

14- 

LEAD 

CA3290A 

10 

40 

25K 

36 

T 

S 

E 

El 

CA3290 

20 

50 

25K 

36 

T 

S 

E 

El 


The CA3290 is also available in chip form (H suffix) 


Pinouts 


OUTPUT IT 
(Ai) 

INV. INPUT [T 
(AI) “ 
NON - INV. INPUT |3 
(AI) L ~ 
V- |T 


CA3290A, CA3290 
TOP VIEW 


3jjjE 


~8~1 V+ 

71 OUTPUT 

Z, (A2) 

7] INV. INPUT 
(A 2) 

Tj NON - INV. INPUT 


(A 2) 


TOP VIEW 




NON -INV. INPUT 
(AI) 


NON - INV. INPUT 
(A2) 


Basic CA3290 Comparator 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1049.1 
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MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY VOLTAGE: 

Single Supply: 

CA3290A, CA3290 +36 V 

Dual Supply: 

CA3290A, CA3290 ±18V 

DIFFERENTIAL INPUT VOLTAGE ± 36 V or ± [(V + -V“)+5 V] 

(whichever is less) 

COMMON-MODE INPUT VOLTAGE V + +5 V to V"-5 V 

DEVICE DISSIPATION: 

Up to 55°C 630 mW 

Above 55° C Derate linearly at 6.67 mW/°C 

OUTPUT-TO-V - SHORT CIRCUIT DURATION* CONTINUOUS 

TEMPERATURE RANGE, ALL TYPES: 

Operating -55 to +125°C 

Storage -65 to +150°C 

INPUT TERMINAL CURRENT 1mA 

LEAD TEMPERATURE (DURING SOLDERING): 

AT DISTANCE 1/16 ± 1/32 INCH (1.59+0.79 MM) 

FROM CASE FOR 10 SECONDS MAX 265°C 


*Short circuits from the output to V + can cause excessive heating and 
eventual destruction of the device. 



CIRCUIT DESCRIPTION 


The Basic Comparator 

Fig. 1 shows the basic circuit diagram for 
one of the two comparators in the CA3290. 
It is generically similar to the industry-type 
"139" comparators, with PMOS transistors 
replacing p-n-p transistors as input stage 
elements. Transistors Q1 through Q4 com- 
prise the differential input stage, with Q5 
and Q6 serving as a mirror-connected active 
load and differential-to-single-ended con- 
verter. The differential input at Q1 and Q4 is 
amplified so as to toggle Q6 in accordance 
with the input-signal polarity. For example, 
if +V|N is greater than — V|(\j, Q1, Q2, and 
current mirror transistors Q5 and Q6will be 
turned off; transistors Q3, Q4, and Q7 will 
be turned on, causing Q8 to be turned off. 


The output is pulled positive when a load 
resistor is connected between the output and 
V+ 

In essence, Q1 and Q4 function as source- 
followers to drive Q2 and Q3, respectively, 
with zener diodes D1 through D4 providing 
gate-oxide protection against input voltage 
transients (e.g., static electricity). The cur- 
rent flow in Q1 and Q2 is established at 
approximately 50 microamperes by constant- 
current sources li and I3, respectively. Since 
Q1 and Q4 are operated with a constant cur- 
rent load, their gate-to-source voltage drops 
will be effectively constant as long as the 
input voltages are within the common-mode 
range. 
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Asa result, the input offset voltage (Vgs<ch> + 
Vbe(Q2) - Vbe(Q3) - Vgs<q 4») wi 1 1 not be degraded 
when a large differential dc voltage is applied 
to the device for extended periods of time at 
high temperatures. 


Additional voltage gain following the first 
stage is provided by transistors Q 7 and Q8. 
The collector of Q8 is open, offering the user 
a wide variety of options in applications. An 
additional discrete transistor can be added if 
it becomes necessary to boost the output 
sink-current capability. 


The detailed schematic diagram for one com- 
parator and the common current-source 
biasing is shown in .Fig. 2. PMOS transistors 
Q9 through Q12 are the current-source 
elements identified in Fig. 1 as li through I4, 
respectively. Their gate-source potentials 
(Vqs) are supplied by a common bus from 
the biasing circuit shown in the right-hand 
portion of the Fig. 2. The currents supplied 
by Q10 and Q12 are twice those supplied by 
Q9 and Q11. The transistor geometries are 
appropriately scaled to provide the requisite 
currents with common VqS applied to Q9 
through Q12. 


ELECTRICAL CHARACTERISTICS at T A = -55 to +125°C 


CHARACTERISTIC 

TEST 

VALUES 

UNITS 

CONDITIONS 

CA3290A 

CA3290 


v + 

Typ. 

Max. 

Typ. 

Max. 

Input Offset 

Voltage, Vjq 

<0 

< < 

5 V 

4.5 

- 

8.5 

- 

mV 

V CM =0 v « 
v 0 =o V 

±15 V 

8.5 

- 

8.5 


Temp. Coefficient 
of Input Offset 
Voltage, AV| 0 /AT 



8 

- 

8 

- 

AiV/° C 

Input Offset 

Current, Ijq 

v CM=14V 

5 V 

2 

28 

2 

32 

nA 

V C M=° V 

±15 V 

7 

28 

7 

32 

Input Current, l A 

V CM = 1 - 4 v 

5 V 

2.8 

45 

2.8 

55 

. nA 

V CM =0 v 

±15 V 

13 

m 

B 

55 

Supply Current, l + 

R|_ = 00 



1 


1.6 

mA 


1.62 

B 


3.5 

Voltage Gain, Ag|_ 

R l =15 k£2 


150 



m 

V/mV 

E3I 

- 

n*n 

3 

dB 

Saturation 

Voltage 

•sink = 4mA 

V + =5 V, 
+V,=0 V, 

— V |=1 V 

+1 25°C 

0.22 

0.7 

0.22 

0.7 

V 

— 55°C 

0.1 


0.1 


Output Leakage 
Current, Iql 


15 V 

65 

- 

65 

- 

nA 

36 V 

130 

Ik 

130 

Ik 


A At T A = +125°C 
At T a = -55° C 
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ELECTRICAL CHARACTERISTICS AT T A = 25°C 


CHARACTERISTIC 

TEST 

COND. 

V + 

LIMITS 

u 

N 

1 

T 

S 

CA3290A 

CA3290 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Input Offset Voltage, 

V I0 V CM =1 - 4V 

Vq=1.4V 

5 V 

- 

4 

10 

- 

7.5 

20 

mV 

V C M=0 V 
v 0 =o V 

±15 V 

- 

4 

10 

- 

7.5 

20 

Input Current, l| 

V CM =1.4V 

5 V 

_ 

3.5 

40 

_ 

3.5 

50 

pA 

V C M=0 V 

±15 V 

- 

12 

40 

- 

12 

50 

Input Offset Current, I|q 
V CM = 1- 4 V 

5 V 

_ 

2 

25 

_ 

2 

30 

PA 

V CM =0 v 

±15 V 

- 

7 

25 

- 

7 

30 

Common-Mode Input- 
Voltage Range, VjQp 

V 0 =1.4 V 

5 V 

V + — 3.5 
V" 

LO 

> > 


V + — 3.5 
v- 

V + — 3.1 
V--1.5 


V 

v 0 =o V 

±15 V 

00 

h 

> 

> > 

- 

V + — 3.8 
V~ 

^ <0 

77 
> > 

- 

Supply Current, l + 

R L = 00 

30 V 

~ 

1.35 

3 

- 

1.35 

3 

mA 

5 V 

- 

0.8 

1.4 

- 

0.8 

1.4 

Voltage Gain, Aqi_ 

R l =15 k£2 

±15 V 

25 

800 

- 

25 

800 

- 

V/mV 

88 

118 

- 

88 

118 

- 

dB 

Output Sink Current 

Vq=1 .4 V 

5 V 

6 

30 

- 

6 

30 

- 

mA 

Saturation Voltage 

+V|=0 V, 

— V |=1 V, 
'SINK = 4 mA 

5 V 

- 

0.12 

0.4 

- 

0.12 

0.4 

V 

Output Leakage Current, 

*ol 

15 V 

- 

100 

- 

- 

100 

- 

PA 

36 V 

- 

500 

- 

- 

500 

1 

Response Time 

Rl=5.1 kH Rising Edge 
Falling Edge 

15 V 


1.2 


_ 

1.2 


MS 

- 

200 

- 

- 

200 

- 

ns 

Common-Mode Rejection 
Ratio, CMRR 

±15 V 

- 

44 

562 

- 

44 

562 

1 nV/V 

5 V 

- 

100 

562 

- 

100 

562 

Power-Supply Rejection 
Ratio, PSRR 

±15 V 

- 

15 

316 

- 

15 

316 

MV/V 

Large-Signal Response 

Time 

R l =5.1 k n 

15 V 

_ 


m 

_ 


[jjjjj| 

■ 

5 V 

— 


m 

- 


HI 
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40 

35 

< 

E 

I 30 

LOAD RESISTANCE (R L )» oo H j j I j j U n l iJ 1 JJ - 

- 'lttltflttfl+fti till H 1 1 HtT 

[| | ± -' 

-'t |[|i t il 1 - ::::: 

— rii lif 1*1 1 1 ! f 1 1 1 1*| tI' " ill 

H. 2-5 

-- j { { r[*ii fffffj “H I { 11111 1 Hi Hi HftHfi+f 

K 

' H HI 1 1 141 1 1 1 1 ! 1 1 1 i+1 1 1 i-l+t 1 H 14 HiHin 

=5 20 

: ijim in j 1 . iifm: 

| '5 




0 

c 

5 10 15 20 25 30 35 40 45 


TOTAL SUPPLY VOLTAGE (V + ) — V 



INPUT COMMON - MODE VOLTAGE (V IC ) — V 


Fig. 3 — Supply current as a function 

of supply voltage ( both amplifiers ). 


Fig. 4 — Input current as a function 

of input common-mode voltage. 





Fig. 5 — Input current as a function 

of input common-mode voltage. 


Fig. 6 — Positive common-mode input voltage 
range as a function of supply voltage. 




Fig. 7 — Negative common-mode input voltage 
range as a function of supply voltage. 


Fig. 8 — Input current as a function of ambient 
temperature. 
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Fig. 9 — Output saturation voltage as a 
function of output sink current. 


Q +I5V 




100 mV 20 mV 5 mV 

OVERDRIVE OVERDRIVE OVERDRIVE 



5 mV 20 mV 100 mV 
OVERDRIVE OVERDRIVE OVERDRIVE 


Fig. 11 — Non-inverting comparator response-time 
test circuit and waveforms. 


C c = 2pF 



TO XIO SCOPE 
PROBE 



WITH C c 

TOP TRACE« 4.5 mW0IV=V| N 
BOTTOM TRACE = I0WDIV = VouT 
H * 5/i.s/DIV 



WITHOUT C c 
TOP TRACE a 4,5 mV/DIV 
BOTTOM TRACE = IOV/DIV 
H * 5^s/DIV 


Fig. 10 - Parasitic-oscillations test circuit 
and associated waveforms. 


9 +15 V 




5 mV 20 mV 100 mV 

OVERDRIVE OVERDRIVE OVERDRIVE 



/ \ V 

100 mV 20 mV 5 mV 

OVERDRIVE OVERDRIVE OVERDRIVE 


Fig. 12— Inverting comparator response-time 
test circuit and waveforms. 
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OPERATING CONSIDERATIONS 


Input Circuit 

The use of MOS transistors in the input stage 
of the CA3290 series circuits provides the 
user with the following features for com- 
parator applications: 

1 . Ultra-high input impedance (=1.7 TO); 

2. The availability of common-mode re- 
jection for input signals at potentials 
below that of the negative power- 
supply rail; 

3. Retention of the in-phase relationship 
of the input and output signals for 
input signals below the negative rail. 

Although the CA3290 employs rugged bi- 
polar (zener) diodes for protection of the 
input circuit, the input-terminal currents 
should not exceed 1 mA. Appropriate series- 
connected limiting resistors should be used in 
circuits where greater current flows might 
exist, allowing the signal input voltage to be 
greater than the supply voltage without 
damaging the circuit. 

Output Circuit 

The output of the CA3290 is the open collec- 
tor of an n-p-n transistor, a feature providing 
flexibility in a broad range of comparator 
applications. An output ORing function can 
be implemented by parallel-connection of 
the open collectors. An output pull-up re- 
sistor can be connected to a power supply 
having a voltage range within the rating of 
the particular CA3290 in use; the magnitude 
of this voltage may be set at a value which is 
independent of that applied to the V + 
terminal of the CA3290. 

Parasitic Oscillations 

The ideal comparator has, among other 
features, ultra-high input impedance, high 
gain, and wide bandwidth. These desirable 
characteristics may, however, produce para- 
sitic oscillations unless certain precautions 
are observed to minimize the stray capacitive 


coupling between the input and output 
terminals. Parasitic oscillations manifest them- 
selves during the output voltage transition 
intervals as the comparator switches states. 
For high source impedances, stray capacitance 
can induce parasitic oscillations. The addition 
of a small amount (1 to 10 mV) of positive 
feedback (hysteresis) produces a faster tran- 
sition, thereby reducing the likelihood of 
parasitic oscillations. Furthermore, if the 
input signal is a pulse waveform, with rela- 
tively rapid rise and fall times, parasitic 
tendencies are reduced. 

When dual comparators, like the CA3290, 
are packaged in an 8-lead configuration, the 
output terminal of each comparator is adja- 
cent to an input terminal. The lead-to-lead 
capacitance is approximately 1 pF, which 
may be sufficient to cause undesirable feed- 
back effects in certain applications. Circuit 
factors such as impedance levels, supply 
voltage, toggling rate, etc., may increase the 
possibility of parasitic oscillations. To mini- 
mize this potential oscillatory condition, it 
is recommended that for source impedances 
greater than 1 k£2 a capacitor (^ 1-2 p F ) be 
connected between the appropriate input 
terminal and the output terminal. (See Fig. 
10 .) 

The CA3290A and CA3290 are also supplied 
in a 14-lead dual-in-line plastic package. To 
minimize the possibility of parasitic oscilla- 
tions the input and output terminals are 
positioned on opposite sides of the package. 
In addition, there are two leads between the 
output terminal of each comparator and its 
corresponding inverting input terminal, re- 
ducing the input/output coupling signifi- 
cantly. These leads (8, 9, 13, 14) should be 
tied to either the V + or V — supply rail. If 
either comparator is unused, its input ter- 
minals should also be tied to either the V + 
or V - supply rail. 


TYPICAL APPLICATIONS 


Light-Controlled One-Shot Timer 

In Fig. 13 one comparator (A1) of the 
CA3290 is used to sense a change in photo 
diode current. The other comparator (A2) 
is configured as a one-shot timer and is 
triggered by the output of A1. The output 
of the circuit will switch to a low state for 
approximately 60 seconds after the light 
source to the photo diode has been inter- 
rupted. The circuit operates at normal room 
lighting levels. The sensitivity of the circuit 
may be adjusted by changing the values of 
R1 and R2. The ratio of R1 to R2 should be 


constant to insure constant reverse voltage 
bias on the photo diode. 

Low-Frequency Multivibrator 

In this application, one-half of the CA3290 
is used as a conventional multivibrator cir- 
cuit. Because of the extremely high input 
impedance of this device, large values of 
timing resistor (R1) may be used for long 
time delays with relatively small leakage 
timing capacitors. The second half of the 
CA3290 is used as an output buffer to insure 
that the multivibrator frequency will not be 
affected by output loading. 
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Fig. 13— Light-controlled one-shot timer. 



Fig. 14 — Low-frequency multivibrator. 


Window Comparator 

Both halves of the CA3290 can be used in a 
high input-impedance window comparator 
as shown in Fig. 15. The LED will be 


turned "on" whenever the input signal is 
above the lower limit ( V (_) but below the 
upper limit (Vy), as determined by the 
R1 /R2/R3 resistor divider. 



Fig. 15 — Window comparator. 




CA3290A , CA3290 


LED Bar Graph Driver 

The circuit in Fig. 16 demonstrates the use 
of the CA3290 in a bar graph display. The 
non-inverting inputs of both comparators 
are tied to the voltage divider reference and 
the input signal is applied to both of the 


inverting inputs. The LED for a particular 
comparator will be turned "on" when the 
input voltage reaches the voltage on the 
resistor divider reference. The CA3290 is 
ideal for this application where input-signal 
loading is critical even though many com- 
parator inputs are driven in parallel. 



o-io v 

INPUT 


Fig. 16 — LED bar-graph driver. 


0 10 20 30 40 50 53 



N0TE NOS. IN PADS ARE FOR 8-LEAD DIP AND T0-5 
NOS. OUTSIDE OF CHIP ARE FOR 14- LEAD DIP 

92CM-3009I 

Dimensions and pad layout for the CA3290H. 


The photographs and dimensions of each chip 
represent a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage 
angles are 57° instead of 90° with respect to the 
face of the chip. Therefore, the isolated chip is 
actually 7 mils ( 0.17 mm) larger in both dimen- 
sions. 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~3 inch}. 
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HARR'S HA-4900/02/05 


May 1990 


Features 


• Fast Response Time 130ns 

• Low Offset Voltage 2.0mV 

• Low Offset Current 10nA 


• Single or Dual-Voltage Supply Operation 

• Selectable Output Logic Levels 

• Active Pull-Up/Pull-Down Output Circuit-No 
External Resistors Required 

Description 

The HA-4900 series are monolithic, quad, precision 
comparators offering fast response time, low offset voltage, 
low offset current and virtually no channel-to-channel 
crosstalk for applications requiring accurate, high speed, 
signal level detection. These comparators can sense 
signals at ground level while being operated from either a 
single +5 volt supply (digital systems) or from dual supplies 
(analog networks) up to ±15volts. The HA-4900 series 
contains a unique current driven output stage which can be 
connected to logic system supplies (VL 0g j C + and Vi_ 0 gjc ") 
to make the output levels directly compatible (no external 
components needed) with any standard logic or special 
system logic levels. In combination analog/digital systems, 


Precision Quad Comparator 


Applications 

• Threshold Detector 

• Zero-Crossing Detector 

• Window Detector 

• Analog Interfaces for Microprocessors 

• High Stability Oscillators 

• Logic System Interfaces 


the design employed in the HA-4900 series input and 
output stages prevents troublesome ground coupling of 
signals between analog and digital portions of the system. 

These comparators’ combination of features makes them 
ideal components for signal detection and processing in 
data acquisition systems, test equipment and micro- 
processor/analog signal interface networks. 

All devices are available in 16 pin dual-in-line ceramic 
packages. The HA-4900/4902-2 operates from -55°C to 
+125°C and the HA-4905-5 operates over a 0°C to 
+75°C temperature range. For military grade product, refer 
to the HA-4902/883 data sheet. 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 


File Number 2855 
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Absolute Maximum Ratings (Note i) 


Voltage Between V+ and V- Terminals 33 V 

Differential Input Voltage ±1 5V 

Voltage Between V|_ 0 gic (+) and v Logic (") 1 8V 

Peak Output Current ±50mA 

Internal Power Dissipation (Note 7, 8) 2.0W 


Operating Temperature Ranges 

HA-4900-2 -550C < Ta < +1 250C 

HA-4902-2 -55°C < Ta < +1 25°C 

HA-4905-5 OOC <T A < +750C 

Storage Temperature Range: -65°C < Ta < +1 50°C 


Electrical Specifications v+ = + 15 V, v- = -1 sv, v Log i C {+) = sv, v Log i C (-) = gnd. 

HA-4900-2 HA-4902-2 HA-4905-5 

-55°C to +1 25°C -55°C to +1 25°C 0°C to +75°C 

PARAMETER TEMP MIN | TYP I MAX MIN I TYP I MAX MIN I TYP I MAX UNITS 




POWER SUPPLY CHARACTERISTICS 

Supply Current, l ps (+) +25°C 6.5 20 6.5 20 7 20 mA 

Supply Current, l p3 (-) +25°C 4 8 4 8 5 8 mA 

Supply Current, l ps (Logic) +25°C 3.5 4 3.5 4 3.5 4 mA 

Supply Voltage Range 

VLogic (+) (Note 7) Full 0 +15.0 0 +15.0 0 +15.0 V 

VLogic (-)(Note 7) Full -15.0 0 -15.0 0 -15.0 0 V 
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NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, 
beyond which the serviceability of the circuit may be impaired. Function- 
al operability under any of these conditions is not necessarily implied. 

2. Minimum differential input voltage required to ensure a defined output 
[ state. 

3. Input bias currents are essentially constant with differential input 
voltages up to ± 9 volts. With differential input voltages from ±9 to ±15 
volts, bias current on the more negative input can rise to approximately 
500jiA. This will also cause higher supply currents. 

4. Rs < 200ft V|N < Common Mode Range. Input sensitivity is the worst 
case minimum differential input, voltage required to guarantee a given 
output logic state. This parameter includes the effects of offset 
voltage, offset current, common mode rejection, and voltage gain. 

I 5. For Tpd(1); lOOmV input step, -lOmV overdrive. For T pc |(0); -lOOmV 


input step, lOmV overdrive. Frequency ^ 100Hz; Duty Cycled 50%; 
Inverting input driven. See Test Circuit below. All unused inverting inputs 
tie to +5V. 

6. For Vqh and V Q U Isink = >Source = 3.0mA. For other values of V Lo gi C i 
Vqh (min.) = V Logic + -1 .5V. 

7. Total Power Dissipation (T.P.D.) is the sum of individual dissipation 
contributions of V+, V- and V|_ 0 gj C shown in curves of Power Dissipation 
vs. Supply Voltages (see Performance Curves). The calculated T.P.D. is 
then located on the graph of Maximum Allowable Package Dissipation 
vs. Ambient Temperature to determine ambient temperature operating 
limits imposed by the calculated T.P.D. (See Performance Curves). For 
instance, the combination of +15V, -15V, +5V, OV (V+, V-, V Logic +, 
V Lo gic-) 9 'ves a T.P.D. of 350mW, the combination +15V, -15V, OV 
gives a T.P.D. of 450mW. 

8. Derate By 5.8mW/°C above T A = +75°C. 0j a = 75°C/W, 0 jc = 20°C/W. 
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Typical Performance Curves v+ = isv, V|_ og ic (+) = sv, VLogic (-) = ov, Ta = +25°c, 

Unless Otherwise Specified. 

INPUT BIAS CURRENT vs. TEMPERATURE INPUT OFFSET CURRENT vs. TEMPERATURE 




INPUT BIAS CURRENT vs. COMMON MODE INPUT VOLTAGE 
( V DIFF. = OV) 



SUPPLY CURRENT vs. TEMPERATURE 
FOR ±1 5V SUPPLIES AND ± 5V LOGIC SUPPLY 


SUPPLY CURRENT vs. TEMPERATURE 
FOR SINGLE +5V OPERATION 
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Typical Performance Curves (Continued) v+ = isv, VLogic (+) = sv, VLogic (-) = ov, Ta = +25<>c, 

Unless Otherwise Specified. 

RESPONSE TIME FOR VARIOUS INPUT OVERDRIVES 
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MAXIMUM POWER DISSIPATION VS. SUPPLY VOLTAGE 
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Applying the HA-4900 Series Comparators 

1 . SUPPLY CONNECTIONS: This device is exceptionally 2. 
versatile in working with most available power supplies. 

The voltage applied to the V+ and V- terminals 
determines the allowable input signal range; while the 
voltage applied to the Vl+ and V[_- determines the 
output swing. In systems where dual analog supplies 
are available, these would be connected to V+ and V-, 
while the logic supply and return would be connected 
to v Logic + and v Logic" The analog and logic supply 
commons can be connected together at one point in the 
system, since the comparator is immune to noise on the 
logic supply ground. A negative output swing may be 4 
obtained by connecting Vl+ to ground and V|_- to a 
negative supply. Bipolar output swings (1 5 V P-P, max.) 
may be obtained using dual supplies. In systems where 
only a single logic supply is available (+5V to 1 5 V), V+ 
and Vi_ 0 gj C + may be connected together to the positive 5. 
supply while V- and VLogic - are grounded. If an input 
signal could swing negative with respect the V- 
terminal, a resistor should be connected in series with 
the input to limit input current to < 5mA since the C-B 
junction of the input transistor would be forward biased. 


UNUSED INPUTS: Inputs of .unused comparator 
sections should be tied to a differential voltage source 
to prevent output “chatter”. 

CROSSTALK: Simultaneous high frequency operation 
of all other channels in the package will not affect the 
output logic state of a given channel, provided that its 
differential input voltage is sufficient to define a given 
logic state (AV|n > ±Vos)- Low ,e vel or high 
impedance input lines should be shielded from other 
signal sources to reduce crosstalk and interference. 

POWER SUPPLY DECOUPLING: Decouple all power 
supply lines with .01 pF ceramic capacitors to ground 
line located near the package to reduce coupling 
between channels or from external sources. 

RESPONSE TIME: Fast rise time (< 200ns) input 
pulses of several volts amplitude may result in delay 
times somewhat longer than those illustrated for 1 0OmV 
steps. Operating speed is optimized by limiting the 
maximum differential input voltage applied, with 
resistor-diode clamping networks. 
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Typical Applications 


ANALOG 

INPUTS 




ANALOG INPUT MODULE 
Data Acquisition System 

In this circuit the HA-4900 series is used in conjunction 
with a D to A converter to form a simple, versatile, 
multi-channel analog input for a data acquisition system. In 
operation the processor first sends an address to the D to A, 
then the processor reads the digital word generated by the 
comparator outputs. 

To perform a simple comparision, the processor sets the D 
to A to a given reference level, then examines one or more 


comparator outputs to determine if their inputs are above or 
below the reference. A window comparison consists of two 
such cycles with 2 reference levels set by the D to A. One 
way to digitize the inputs would be for the processor to 
increment the D to A in steps. The D to A address, as each 
comparator switches, is the digitized level of the input. 
While stairstepping the D to A is slower than successive 
approximation, all channels are digitized during one 
staircase ramp. 


Vcc ) +5V to +15V 




TTL TO CMOS 


CMOS TO TTL 


Logic Level Translators 

The HA-4900 series comparators can be used as versatile If separate supplies are used for V- and V|_ 0 gj c _, these 
logic interface devices as shown in the circuits above, logic level translators will tolerate several volts of ground 
Negative logic devices may also be interfaced with line differential noise, 
appropriate supply connections. 
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Typical Applications (Continued) 


+10v 



RS-232 To CMOS Line Receiver 

This RS-232 type line receiver to drive CMOS logic uses a 
Schmitt trigger feedback network to give about 1 volt input 
hysteresis for added noise immunity. A possible problem in 
an interface which connects two equipments, each plugged 
into a different AC receptacle, is that the power line voltage 
may appear at the receiver input when the interface 
connection is made or broken. The two diodes and a 3 watt 
input resistor will protect the inputs under these 
conditions. 


v+ 



x 


Oscillator/Clock Generator 

This self-starting fixed frequency oscillator circuit gives 
excellent frequency stability. R-j and C-j comprise the 
frequency determining network while R 2 provides the 
regenerative feedback. Diode Di enhances the stability by 
compensating for the difference between Vqh ar >d 
Vsupply. In applications where a precision clock generator 
up to 100kHz is required, such as in automatic test 
equipment, C-j may be replaced by a crystal. 


+15V 



Window Detector 

The high switching speed, low offset current and low offset 
voltage of the HA-4900 series makes this window detector 
circuit extremely well suited to applications requiring fast, 
accurate, decision-making. The circuit above is ideal for in- 
dustrial process system feedback controllers or “out-of- 
limit” alarm indicators. 



Schmitt Trigger (Zero Crossing Detector 
With Hysteresis) 

This Circuit has a lOOmV hysteresis which can be used in 
applications where very fast transition times are required at 
the output even though the signal input is very slow. The 
hysteresis loop also reduces false triggering due to noise 
on the input. The waveforms below show the trip points de- 
veloped by the hysteresis loop. 






HFA-0003 

HFA-0003L 



PRELIMINARY 

August 1991 Ultra-High Speed Comparator 


Features 

• Low Propagation Delay (0003/0003L) 2. 0/2.1 ns 

• Low Latch Set-up Time 0.8ns 

• Low Offset Voltage, Drift Coefficient I.OmV, 4(jV/°C 

• Wide Common Mode Range +5.2/-2.8V 

• Low Power Dissipation 200mW 

• Large Differential Input Resistance IMft 


• Complementary ECL Outputs; 50ft Driving Capability 

• Resistor Programmable Hysteresis with ’0003L 

• Pin Compatible with MAX9690/9685 & AD96685 

• Available in SOIC 

Applications 

• Window Detector 

• High Speed Peak Detector 

• High Speed Threshold Detector 

• High Speed Data Acquisition Systems 

• Fiber Optic Decision Circuits 

• High Speed Phase Detector 

• Frequency Counter 

Description 

The HFA-0003/0003L are monolithic, ultra high speed, voltage comparators. These 
comparators combine a low input offset voltage (I.OmV) with a low propagation 
delay (2.0ns) to achieve a large dynamic input range. The low offset voltage also 
makes these comparators ideally suited for high speed, precision analog-to-digital 
processing applications. The circuits have differential analog inputs, and provide 
complementary, ECL compatible (10K and 100K) logic outputs. The outputs are 
capable of supplying the current required by terminated 50ft transmission lines. 
Both outputs are open emitter structures, requiring external pull-down resistors. 
The recommended circuit is 50ft connected to -2.0V, but any equivalent ECL 
termination circuit may be used. 

The HFA-0003L is a latched version of the HFA-0003. The latch function allows the 
HFA-0003L to operate in sample-hold or track-hold modes, when synchronous 
detection is required. The Latch Enable (LE) input can be driven by a standard ECL 
gate. See the Applications section on page 4 for more information on this feature. 

The HFA-0003L also has an additional feature, user programmable hysteresis. By 
connecting a resistor from the HYS pin to GND the user can select up to 20mV of 
input hysteresis. See the Applications section on page 4 for more information on this 
feature. 

The HFA-0003 is pin compatible with the MAX9690, and SP9680 while providing 
improved performance. The HFA-0003L is pin compatible with the MAX9685, 
AD96685, SP9685, HCMP96850, and the VC7695 while providing improved 
performance. 

The performance of the H FA-0003/0003 L-9 is guaranteed from -40°C to +85°C, 
while the H FA-0003/0003 L-5 is guaranteed from 0°C to +75°C. The HFA-0003 is 
available in 8 pin Plastic DIP, Ceramic Sidebraze DIP, and SOIC. The HFA-0003L is 
available in 16 pin Plastic DIP, Ceramic Sidebraze DIP, SOIC, and a TO-IOO Metal 
Can package. Refer to the /883 datasheets for military compliant product. 



CAUTION: Electronic devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjjg Number 2749 2 
Copyright © Harris Corporation 1 991 
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Specifications HFA-0003/HFA-0003L 


Absolute Maximum Ratings (Note i) 


Operating Temperature Range 



Voltage Between V+ and V- Terminals 

20V 

H FA-0003/H FA-0003 L-9 

. -40°C<T A <+85°C 

SupplyVoltage(GNDtoV+) 

8 V 

H FA-0003/H FA-0003L-5 

... 0°C < T A < +75°C 

Supply Voltage (GND to V-) 

18V 

Storage Temperature Range 

-65°C < T A < +1 50°C 

Differential Input Voltage 

5.5V 

Thermal Package Characteristics 

6jc 

°ja 

Common Mode Voltage 

±5V 

8 Pin Ceramic Sidebrazed DIP 

39 

95 

Differential Ground Voltage (GND1 to GND2) 

±1V 

8 Pin Plastic DIP 

34 

96 

Peak (Short Duration) Output Current (Note 2) 


8 Pin SOIC 

42 

161 

Maximum Junction Temperature 

+175°C 

1 6 Pin Ceramic Sidebrazed DIP 

34 

79 

Maximum Junction Temperature (Plastic Packages) 

+1 50°C 

16 Pin Plastic DIP 

32 

92 



16 Pin SOIC 

35 

114 



TO-1 00 Metal Can 

32 

108 

Electrical Specifications v+ = 5V, v- = -i 

5.2V, R|_ = 50fl to -2V, Unless Otherwise Specified 






HFA-0003-5/-9 


PARAMETER 


INPUT CHARACTERISTICS 


Input Offset Voltage (Vos) 

Average Offset Voltage Drift (Note 8) 
Input Bias Current 

Input Offset Current 

Common Mode Range 
Differential Input Resistance 
Common Mode Input Resistance 
Input Capacitance 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain 

Common Mode Rejection Ratio (Note 3) 

Tracking Bandwidth (Note 4) 
SWITCHING CHARACTERISTICS 

Propagation Delay Input to Output (t p£ j) 
(Notes 5, 8, 9) 

Maximum Dispersion (Notes 6, 8) 


OUTPUT CHARACTERISTICS 


Output Voltage Level 
Logic Low (Vql) 

Logic High (Vqh) 

Continuous Output Current (Note 2) 


HFA-0003L-5/-9 


TYP MAX 
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Specifications HFA-0003/HFA-0003L 


Electrical Specifications (Continued) v+ = sv, v- = -5.2V, R|_ = son to -2 v, unless otherwise specified 


PARAMETER 

TEMP 

HFA-0003-5/-9 

HFA 

-0003L-5/-9 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

LATCH CHARACTERISTICS (HFA-0003L ONLY) 

LE Input Voltage Level 









Logic Low (V|i_) 

Full 

- 

- 

- 

- 

- 

-1.475 

V 

Logic High (V|h) 

Full 

- 


- 

-1.105 

- 

- 

V 

LE Input Current Level 









Logic Low (V| L = -1.85V) 

Full 

- 

- 

- 

- 

0.06 

0.5 

pA 

Logic High (V| H = -0.81V) 

Full 

- 


- 

- 

11 

20 

pA 

Propagation Delay from LEto Output (t p( j|_) 

+25°C 

- 

- 

- 

- 

2.2 

2.7 

ns 

(Notes 5, 8, 9) 

Full 

- 

- 

- 

- 

2.6 

3.1 

ns 

Minimum Set-Up Time (t s ) (Notes 8, 9) 

+25°C 

- 

- 

- 

- 

0.8 

1.2 

ns 


Full 

- 

- 

- 

- 

- 

1.5 

ns 

Minimum Hold Time (tj-,) (Notes 8, 9) 

Full 

- 

- 

- 

- 

0.5 

1.0 

ns 

Minimum LE Pulse Width (t pw ) (Notes 8, 9) 

+25°C 

- 

- 

- 

- 

0.9 

0.95 

ns 


Full 

- 

- 

- 

" 

- 

1.1 

ns 

POWER SUPPLY 









PSRR (Note 7) 

+25°C 

70 

80 

- 

70 

80 

- 

dB 


Full 

65 

_ 

- 

65 

- 

- 

dB 

'cc 

Full 

! 

11 

13 

- 

11 

13 

mA 

'EE 

Full 

- 

19 

22 

- 

19 

22 

mA 

Power Dissipation 

Full 

- 

- 

200 

- 

- 

200 

mW 



1. Absolute maximum ratings are limiting values, applied individually, beyond which the servicability of the circuit 
may be impaired. Functional operation under any of these conditions is not necessarily implied. Exposure to 
absolute maximum rating conditions may affect device reliability. 

2. Outputs have no sink current (+1) capability, since they are open emitter NPN transistors. 

3. -2.0V < V CM < +4.0V. 

4. Tracking Bandwidth (TBW) is defined as the maximum input frequency at which the outputs still switch between 
Vql and Vqh- Vjn ~ 15m Vp- p sinewave centered on OV. 

5. V|n = lOOmV. Vqd ' s the amount of input overdrive. 

6. Dispersion is defined as the change in propagation delay for input overdrives between 0.1V and 1.0V. 

7. +4.0V < V+ < +5.5V or -6.2V < V- < -4.7V. 

8. This parameter is not tested. It is guaranteed by design, and by device characterization. 

9- V OD = lOmV. 
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HFA-0003/HFA -0003 L 


Applications Information 

HFA-0003L Latch Functionality 

The Latch Enable (LE) pin of the ’0003L controls the func- 
tion of the on chip latch. When the LE input is at an ECL 
Logic 1 , the latch is open (transparent) and the comparator 
functions normally. When the LE input switches to a Logic 
0, the outputs are latched in unambiguous states depen- 
dant on the current input state, providing the set-up and 
hold times are met. If the latch function is not utilized, the LE 
input must be connected to an ECL Logic 1 (e.g. GND). 

HFA-0003L Hysteresis Functionality 

To improve performance in systems with slow transition 
times, and/or high noise levels, the HFA-0003L allows the 
user to easily set the amount of input hysteresis. The hyste- 
resis level is set by the current flowing into the HYS input; 
the larger the current the larger the level of hysteresis. This 
current is provided by connecting a resistor (R h) between 
the HYS pin and GND, and it is recommended that the input 


current not exceed 1 mA. The input current can be approxi- 
mated from the following formula: 

lH= GND-(V-)-0.7V 
R H 

The table below gives approximate levels of hysteresis for 
some values of Ih, at Ta = +25°C. 

IH (mA) 0.2 0.4 0.6 0.8 1.0 

HYS (mV) 1 4 8 13 22 

If the hysteresis function isn’t used, the HYS input may be 
left floating, or may be connected to V-. The HYS input 
MUST NEVER BE CONNECTED directly to GND or V+, as 
device damage will occur. Before inserting an 
HFA-0003L into a competitor socket, the user must 
ensure that the corresponding socket pin is a true 
no-connect (i.e. is floating). 
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Selection Guide 


SAMPLE-AND-HOLD AMPLIFIERS 


TYPE 

SAMPLE/HOLD 

TYPE 

TEMPERATURE 

RANGE 

PACKAGE* 

ACQUISITION 

TIME 

(TO 0.01%) 
TYP, +25°C 

CHARGE 

TRANSFER 

TYP, 

+250C 

APERTURE 

TIME 

TYP, 

+25QC 

GAIN 

BANDWIDTH 
PRODUCT 
TYP, +2 50C 

HA1 -2420-2 

HA1 -2420-8 

HA1 -2425-5 

HA1 -2425-7 
HA3-2425-5 
HA4-2420/883 
HA4P2425-5 

Low Droop Rate 

-55°C to +1 25°C 
-55°C to +1 25°C 
0°C to +75°C 
0°C to +75°C 
0OC to +75<>C 
-550C to +1 25°C 
0°Cto +750C 

14-Pin Cerdip 

14-Pin Cerdip 

14-Pin Cerdip 

14-Pin Cerdip 

14-Pin Epoxy 

20-Pin LCC Ceramic 
20-Pin PLCC Epoxy 

3.2 [is 

(Ch=1,000pF) 

lOpC 

30ns 

2.5MHz 

HA1 -5320-2 

HA1 -5320-5 

HA1 -5320-7 

HA1 -5320-8 
HA3-5320-5 
HA4-5320-8 

High Speed 

Low Charge 

Transfer Precision 
Complete-lncludes 
Hold Capacitor 

-55°C to +1 25°C 
OOCto +7 50C 
0°C to +750C 
-550C to + 1250C 
0°C to +750C 
-55°C to +1 25°C 

14-Pin Cerdip 

14-Pin Cerdip 

14-Pin Cerdip 

14-Pin Cerdip 

14-Pin Plastic DIP 
20-Pin LCC Ceramic 

1 [IS 

(Ch = Internal) 

0.1 pC 

25ns 

2.0MHz 

Cn = 100pF 

HA1 -5330-5 

HA1 -5330-4 

HA1 -5330-2 

HA1 -5330/883 
HA4-5330/883 

Very High Speed 
Precision 

Monolithic 
Complete-lncludes 
Hold Capacitor 

0°C to +750C 
-25°C to +85°C 
-55°C to +125°C 
-550C to +1 25°C 
-550C to +125°C 

14-Pin Cerdip 

14-Pin Cerdip 

14-Pin Cerdip 

14-Pin Cerdip 

20-Pin LCC Ceramic 

500ns 

0.05pC 

20ns 

4.5MHz 

HA1 -5340-5 

HA1 -5340-9 

High Speed 

Low Distortion- 
Includes Hold 
Capacitor 

0°C to +750C 
-40°C to +85°C 

14-Pin Cerdip 

14-Pin Cerdip 

700ns 

0.5pC 

15ns 

10MHz 


* See Packaging and Ordering Information in Section 1 2 
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Fast Sample and Hold 



Features 

o Maximum Acquisition Time (10V Step to 0.1%) . . . 4jjs 


(10V Step to 0.01%) 6ps 

® Low Droop Rate (Ch = 1000pF) 5jjV/ms (Typ.) 

• Gain Bandwidth Product 2.5MHz (Typ.) 

• Low Effective Aperture Delay Time 30ns (Typ.) 

o TTL Compatible Control Input 

• ±12V to ±15V Operation 

Description 


The HA-2420/2425 is a monolithic circuit consisting of a 
high performance operational amplifier with its output in 
series with an ultra-low leakage analog switch and 
MOSFET input unity gain amplifier. 

With an external holding capacitor connected to the switch 
output, a versatile, high performance sample-and-hold or 
track-and-hold circuit is formed. When the switch is closed, 
the device behaves as an operational amplifier, and any of 
the standard op amp feedback networks may be connected 
around the device to control gain, frequency response, etc. 
When the switch is opened the output will remain at its last 
level. 

Performance as a sample-and-hold compares very favor- 
ably with other monolithic, hybrid, modular, and discrete 
circuits. Accuracy to better than 0.01% is achievable over 


Applications 

o 12-Bit Data Acquisition 

• Digital to Analog Deglitcher 
° Auto Zero Systems 

° Peak Detector 

• Gated Operational Amplifier 


the temperature range. Fast acquisition is coupled with 
superior droop characteristics, even at high temperatures. 
High slew rate, wide bandwidth, and low acquisition time 
produce excellent dynamic characteristics. The ability to 
operate at gains greater than 1 frequently eliminates the 
need for external scaling amplifiers. 

The device may also be used as a versatile operational 
amplifier with a gated output for applications such as 
analog switches, peak holding circuits, etc. For more infor- 
mation, please see Application Note 517. 

The HA-2420/25 is offered in a 14 pin Ceramic or Plastic 
DIP and a 20 pad Ceramic LCC or 20 pad PLCC. The 
MIL-STD-883 data sheet for this device is available on 
request. 



PinOUtS 14 PIN CERAMIC/PLASTIC DIP 
TOP VIEW 



20 PAD LCC/PLCC 
TOP VIEW 



Functional Diagram 


OFFSET 

ADJUST 



GND -V HOLD 

CAPACITOR 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2856 
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Specifications HA-2420/2425 


Absolute Maximum Ratings Operating Temperature Range 

Voltage Between V+ and V- Terminals 40V HA-2420-2/-8 -55°C < Ta < +1 25^0 

Differential Input Voltage ±24V HA-2425-5/-7 0°C <Ta < +75<>C 

Digital Input Voltage (Sample and Hold Pin) +8V.-15V Storage Temperature Range -65 °C<Ta<+150°C 

Output Current Short Circuit Protected 

Junction Temperature +175°C 


Electrical Specifications Test Conditions (Unless Otherwise Specified) VsuppLY = ±1 5.0V; Ch = lOOOpF; 
Digital Input: V|[_ = +0.8V (Sample), V|H = +2.0V (Hold), 

Unity Gain Configuration (Output tied to -Input) 


PARAMETER 

TEMP 

HA-2420-2/-8 

HA-2425-5/-7 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

INPUT CHARACTERISTICS 

Input Voltage Range 


±10 

- 

- 

±10 

- 

- 

V 

Offset Voltage 


- 

2 

4 

- 

3 

6 

mV 



- 

3 

6 

- 

4 

8 

mV 

Bias Current 

+25°C 

- 

40 

200 

- 

40 

200 

nA 


Full 

- 

- 

400 

- 

- 

400 

nA 

Offset Current 

+25°C 

- 

10 

50 

- 

10 

50 

nA 


Full 

- 

- 

100 

- 

- 

100 

nA 

Input Resistance 

+25°C 

5 

10 

- 

5 

10 

- 

MCI 

Common Mode Range 

Full 

±10 

- 

- 

±10 

- 

- 

V 

TRANSFER CHARACTERISTICS j 

Large Signal Voltage Gain (Notes 1 , 4) 

D| 


50K 

■m 

25K 

50K 

MBM 

V/V 

Common Mode Rejection (Note 2) 

111 

H 

-90 


-74 

-90 

■ 

dB 

Hold Mode Feedthrough Attenuation (Note 3) 

mm 


-76 


- 

-76 

■ ■ 

dB 

Gain Bandwidth Product (Note 3) 


mm 

2.5 


- 

2.5 


MHz 

OUTPUT CHARACTERISTICS | 

Output Voltage Swing (Note 1 ) 

Full 

±10 

- 

■ 

±10 

- 

■ 

V 

Output Current 

+25°C 

±15 

- 


±15 

- 


mA 

Full Power Bandwidth (Notes 3, 4) 

+25°C 

- 

100 

^ 

- 

100 

■ 

kHz 

Output Resistance (D.C.) 

+25°C 

- 

0.15 

mm 

- 

0.15 


n 

TRANSIENT RESPONSE 

Rise Time (Notes 3, 5) 

+25°C 

| 

75 

100 

| 

75 

100 

ns 

Overshoot (Notes 3, 5) 

+25°C 


25 

40 


25 

40 

% 

Slew Rate (Notes 3, 6) 

+25°C 


5 

- 1 

■ 

5 

- 

V/ps 

DIGITAL INPUT CHARACTERISTICS | 

Digital Input Current (V|jsj = OV) 

HI 

- 


-0.8 

- 


-0.8 

mA 

Digital Input Current (V|n = +5.0V) 

mm 

- 


20 

- 

■ 

20 

MA 

Digital Input Voltage (Low) 

im 

- 


0.8 

- 

■ 

0.8 

V 

Digital Input Voltage (High) 

Full 

2.0 


- 

2.0 


- 

V 

SAMPLE AND HOLD CHARACTERISTICS | 

Acquisition Time to 0.1 % 1 0V Step (Note 3) 

+25°C 

mm 

2.3 

4 

- 

2.3 

4 

MS 

Acquisition Time to 0.01 % 1 0V Step (Note 3) 

+25°C 

■ 

3.2 

6 

- 

3.2 

6 

MS 

Aperture Time (Note 9) 

+25°C 


30 


- 

30 

- 

ns 

Effective Aperture Delay Time 

+25°C 

m ■ 

30 


- 

30 

- 

ns 

Aperture Uncertainty 

+25°C 


5 


- 

5 

- 

ns 

Drift Current (Notes 3, 7) 

+25°C 


5 


- 

5 

- 

PA 

HA1-2420, HA4-2420 

Full 


1.8 

10 

- 

- 

- 

nA 

HA1-2425 

Full 


- 

- 

- 

0.1 

1.0 

nA 

HA3-2425, HA4P2425 

Full 

m 

- 

- 

- 

7.5 

10.0 

nA 

Hold Step Error (Note 7) 

+25°C 

m 

10 

20 

- 

10 

20 

mV 

| POWER SUPPLY CHARACTERISTICS \ 

Supply Current (+) 

+25°C 

- 

3.5 

5.5 

- 

3.5 

5.5 

■9 

Supply Current (-) 

+2 50C 

- 

2.5 

3.5 

- 

2.5 

3.5 

mm 

Power Supply Rejection 

Full 

-80 

-90 

- 

-74 

-90 

- 

IB 


NOTES: 1. R L = 2kn. 4. V 0UT = 20V peak-to-peak. 7. V iN = OV. 

2. V CM = ±10VDC. 5. V 0 UT = 200mV peak-to-peak. 8. f| N < 100kHz. 

3. Ay = ±1, Rl = 2kn. Cl = 50pF. 6. VouT = 10.0V peak-to-peak. 9. Derived from computer simulation only; not tested. 
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ATTENUATION (dB) l D ( pA ) 


HA-2420/2425 


Performance Curves VsuPPLY = ± 1 5VDC, Ta = +250C, Ch = lOOOpF Unless Otherwise Specified 


TYPICAL SAMPLE AND HOLD PERFORMANCE 
AS A FUNCTION OF HOLDING CAPACITOR 

MINIMUM SAMPLE TIME 

' FOR 0.1% ACCURACY 

: 1 — - |— - . |- — 1 0 V SW I N GS -psec.X = 

-5T— DRIFT DURING HOLD @ 1 ~ — T 

- X725oC MILLIVOLT/SEC 


Z UNITY GAIN PHASER 
MARGIN: DEGREES 


. UNITY GAIN . 
: BANDWIDTH:: 
-MHz 


-SLEW RATE/CHARGE- 

-RATE: VOLTS/., 

_ MICROSECOND 


BROADBAND NOISE CHARACTERISTICS 


_ OUTPUT NOISE I 
"HOLD” MODE f 




HOLD STEP 
^OFFSET ERROR 
-MILLIVOLTS 





ra t: 1 - 1 t -rrnr m-ttir ; 

f -EQUIV. INPUT NOISE 
"SAMPLE" MODE - 0 
SOURCE RESISTANCE 


IK 10K 1( 

BANDWIDTH 

(LOWER 3dB FREQUENCY = 10Hz) 


lOOpF lOOOpF 0.01 pF 0.1 pF 
CH VALUE 

DRIFT CURRENT vs. TEMPERATURE 



OPEN LOOP FREQUENCY RESPONSE 


's 














^ \ 

^ x 

V 

-Ch = 100pF 



X 

\ 


>r^ c H 

= lOOOpF 




s x 

X 


Lc h = .01af 



X: 

V - 

\\\ 




— 

\ 

X 

\ N 




c H | 

pl.OpF" 


y s 

V. n\ 



( 

:h = o.i a 


X 

\\\ 






XX; 

— x 















X 







X 

% 


10K 100K 

FREQUENCY , Hz 


+25 +50 +75 +100 +125 

T(OC) 


HOLD MODE FEED THROUGH ATTENUATION 



C| 

1 = lOOOpF 



1 

1 


















-60 




x 



-70 




\y 









1 

-80 

-90 
















IK 10K 100K 1M 

±10V SINUSOIDAL INPUT FREQUENCY (Hz) 


OPEN LOOP PHASE RESPONSE 


7 C H = 0.01pF — 
^C H = lOOOpF 



— X 

= I.OaF 


F / 

x 



/ 

x 

\ 




v 


F_Z- 


\N\ 




X 








\ 

l 




X 




\ 




±z 


10K WOK 
FREQUENCY, Hz 
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HA-2420/2425 


Offset and Gain Adjustment 

HOLD STEP vs. INPUT VOLTAGE 


HOLD STEP VOLTAGE (mV) 



OFFSET ADJUSTMENT 

The offset voltage of the HA-2420/2425 may be adjusted 
using a lOOkfl trim pot, as shown in Figure 6. The 
recommended adjustment procedure is: 

1. Apply zero volts to the sample-and-hold input, and a 
square wave to the S/H control. 

2. Adjust the trim pot for zero volts output in the hold 
mode. 

INVERTING CONFIGURATION 


GAIN ADJUSTMENT 

The linear variation in pedestal voltage with sample-and- 
hold input voltage causes a -0.06% gain error (Ch = 
lOOOpF). In some applications (D/A deglitcher, A/D 
converter) the gain error can be adjusted elsewhere in the 
system, while in other applications it must be adjusted at the 
sample-and-hold. The two circuits shown below demon- 
strate how to adjust gain error at the sample-and-hold. 

The recommended procedure for adjusting gain error is: 

1. Perform offset adjustment. 

2. Apply the nominal input voltage that should produce a 
+10V output. 

3. Adjust the trim pot for +10V output in the hold mode. 

4. Apply the nominal input voltage that should produce a 
-10V output. 

5. Measure the output hold voltage (V_iq NOMINAL). 
Adjust the trim pot for an output hold voltage of 

(V- 10 NOMINAL) + ("10V) 

2 


NONINVERTING CONFIGURATION 


.002RF 




FIGURE 2. 


FIGURE 3. 





HA-2420/2425 


Test Circuits 


HOLD STEP ERROR AND DRIFT CURRENT 


- -IN HA-2420/2425 

- +,N S/H HOLD 

CONTROL CAP GND 

I I oh!"" 


S/H CONTROL 
INPUT 


HOLD STEP ERROR TEST 


FIGURE 4. 

DRIFT CURRENT TEST 


1. With a D.C. input voltage, observe the following wave- 1. With a D.C. input voltage, observe the following wave- 
forms: forms: 


S/H 4V- 
CONTROL ov- 

OUTPUT VsjEP I 


■t HOLD 

I SAMPLE 


S/H 4V r 

CONTROL ov | 


-| HOLD 

* SAMPLE 


r:> 


2. Set rise/fall times of S/H Control to approximately 20ns. 2. Measure the slope of the output during hold, AV/At, 

and compute drift current from: Ip = Ch AV/At. 


SINE WAVE 
INPUT 


HOLD MODE FEEDTHROUGH ATTENUATION 
A +5 


IN2 

EN 

INI 


IN3 


IN4 

IN5 

IN6 

HI -508 A 

MUX OUT 

IN7 


IN8 


A2 


A1 

AO 


' - ,N HA-2420/2425 

_ 0 

- +IN S/H HOLD 
CONTROL CAP GND 


V 

OUTPUT 


S/H CONTROL 
INPUT 


NOTE: Compute hold mode feedthrough attenuation from the formula: 

Feedthrough Attenuation = 20 Log V P - UT . HOLD . 

V| N HOLD 

Where Vqut HOLD = Peak-to-Peak value of output sinewave during the hold mode. 
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HA-2420/2425 


Applications 

BASIC SAMPLE-AND-HOLD 
rriNTRni TOP VIEW 



lOOKft 
OFFSET TRIM 
(±25mV RANGE) 


GUARD RING LAYOUT 
BOTTOM VIEW 


HOLDING 1 

CAPACITOR pV 



1 . Figure 6 shows a typical unity gain circuit, with Offset Zeroing. All of the 
other normal op amp feedback configurations may be used with the 
HA-2420/2425. The input amplifier may be used as a gated amplifier by 
utilizing Pin 11 as the output. This amplifier has excellent drive 
capabilities along with exceptionally low switch leakage. 

2. The method used to reduce leakage paths on the P.C. board and the 
device package is shown in Figure 7. This guard ring is recommended to 
minimize the drift during hold mode. 


Glossary of Terms: 

ACQUISITION TIME: 

The time required following a “sample” command, for the 
output to reach its final value within ±0.1% or ±0.01%. This 
is the minimum sample time required to obtain a given 
accuracy, and includes switch delay time, slewing time and 
settling time. 

APERTURE TIME: 

The time required for the sample-and-hold switch to open, 
independent of delays through the switch driver and input 
amplifier circuitry. The switch opening time is that interval 
between the conditions of 10% open and 90% open. 

EFFECTIVE APERTURE DELAY TIME (EADT): 

The difference between the digital delay time from the Hold 
command to the opening of the S/H switch, and the propa- 
gation time from the analog input to the switch. 

EADT may be positive, negative or zero. If zero, the S/H 
amplifier will output a voltage equal to V|n at the instant the 
Hold command was received. For negative EADT, the 


The holding capacitor should have extremely high insulation resistance 
and low dielectric absorption. Polystyrene (below +85°C), Teflon, or 
Parlene types are recommended. 

For more applications, consult Harris Application Note 517, or factory 
applications group. 


output in Hold (exclusive of pedestal and droop errors) will 
correspond to a value of V|N that occurred before the Hold 
command. 

APERTURE UNCERTAINTY: 

The range of variation in Effective Aperture Delay Time. 
Aperture Uncertainty (also called Aperture Delay Uncertain- 
ty, Aperture Time Jitter, etc.) sets a limit on the accuracy 
with which a waveform can be reconstructed from sample 
data. 

DRIFT CURRENT: 

The net leakage current from the hold capacitor during the 
hold mode. Drift current can be calculated from the droop 
rate using the formula: 

l D (PA) = Ch (PF) x AV (Volts/sec) 

AT 


Die Characteristics 

Transistor Count 78 

Die Dimensions 97 x 61 x 19 mils 

Substrate Potential _V SUPPLY 

Process Bipolar Dl 


Thermal Constants (°C/W) 

Ceramic DIP 
Ceramic LCC 


SAMPLE AND HOLD 
AMPLIFIERS 
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Features 

• Gain, D.C 2 x 106 V/V 

® Aquisition Time I.Ojjs (0.01%) 

• Droop Rate 0.08|jV/|js (+25°C) 

17jiV/|iS (Full Temperature) 

• Aperture Time 25ns 

• Hold Step Error (See Glossary) I.OmV 

• Internal Hold Capacitor 

• Fully Differential Input 

• TTL Compatible 

Description 


The HA-5320 was designed for use in precision, high 
speed data acquisition systems. 

The circuit consists of an input transconductance amplifier 
capable of providing large amounts of charging current, a 
low leakage analog switch, and an output integrating 
amplifier. The analog switch sees virtual ground as its load; 
therefore, charge injection on the hold capacitor is constant 
over the entire input/output voltage range. The pedestal 
voltage resulting from this charge injection can be adjusted 
to zero by use of the offset adjust inputs. The device in- 
cludes a hold capacitor. However, if improved droop rate is 


HA-5320 

High Speed Precision Monolithic 
Sample and Hold Amplifier 


Applications 

• Precision Data Acquisition Systems 

• Digital to Analog Converter Deglitcher 

• Auto Zero Circuits 

• Peak Detector 


required at the expense of acquisition time, additional hold 
capacitance may be added externally. 

This monolithic device is manufactured using the Harris 
Dielectric Isolation Process, minimizing stray capacitance 
and eliminating SCR’s. This allows higher speed and latch- 
free operation. The HA-5320 is available in a Ceramic 
14-pin DIP, a Plastic 14-pin DIP, and a Ceramic 20-pin 
LCC package. For further information, please see Applica- 
tion Note 538. The Mil-Std-883 data sheet for this device is 
available on request. 


PinOUtS 14 PIN PLASTIC DIP 
14 PIN CERAMIC DIP 
TOP VIEW 


- INPUT [T 
+ INPUT |T 
OFFSET ADJUST (T 
OFFSET ADJUST (T 

»-E 

SIG. GND. [6 
OUTPUT jT 


14] S/H CONTROL 

j|] SUPPLY GND. 

12] N.C. 

E EXTERNAL 
HOLD CAP. 

jo] N.C. 

][] V+ 


20 PIN CERAMIC LCC 
TOP VIEW 


- p £0 
z 1(00 wo 



N.C. 

N.C. 

EXT. HOLD CAP. 
N.C. 


Functional Diagram 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 


File Number 2857 
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Specifications HA-5320 


Absolute Maximum Ratings (Notei) 


Voltage Between V+ and V- Terminals 40V 

Differential Input Voltage ±24V 

Digital Input Voltage +8V, -15V 

Output Current, Continuous ±20mA (Note 2) 

Junction Temperature +175°C 


Operating Temperature Range 

HA-5320-2/-8 -55°C < T A < +1 25°C 

HA-5320-5/-7 0OC<T A <+75°C 

Storage Temperature Range -65°C <T A < +1 50°C 


Electrical Specifications Test Conditions (Unless Otherwise Specified) VguPPLY = ± 15.0V; Cr = Internal; 

Digital Input: V||_ = +0.8V (Sample), V|r = +2.0V (Hold), Unity Gain Configuration 
(Output tied to -Input) 


PARAMETER 

TEMP 

HA 

-5320-2/-8 

HA-5320-5/-7 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

INPUT CHARACTERISTICS 

Input Voltage Range 

Full 

±10 

- 

- 

±10 

- 

- 

V 

Input Resistance 

+25°C 

1 

5 

- 

1 

5 

- 

Mfl 

Input Capacitance 

+25°C 

- 

- 

3 

- 

- 

3 

PF 

Offset Voltage 

+25°C 

- 

0.2 

- 

- 

0.5 

- 

mV 


Full 

- 

- 

2.0 

- 

- 

1.5 

mV 

Bias Current 

+25°C 

- 

70 

200 

- 

100 

300 

nA 


Full 

- 

- 

200 

- 

- 

300 

nA 

Offset Current 

+25°C 

- 

30 

100 

- 

30 

300 

nA 


Full 

- 

- 

100 

- 

- 

300 

nA 

Common Mode Range 

Full 

±10 

- 

- 

±10 

- 

- 

V 

CMRR (Note 3) 

+25°C 

80 

90 

- 

72 

90 

- 

dB 

Offset Voltage T.C. 

Full 

- 

5 

15 

- 

5 

20 

fiV/°C 

TRANSFER CHARACTERISTICS 

Gain, D.C. (Note 12) 

+2 50C 

106 

2x1 0 6 

■ 

3x1 0 5 

2x1 0 6 

||K*|| 

V/V 

Gain Bandwidth Product (Av = +1) 

+250C 



■ 



| 


(Note 5) Cn = 100pF 

- 

- 

2.0 


- 

2.0 


MHz 

Cn = 1000pF 

- 

- 

0.18 


- 

0.18 

| 

MHz 

OUTPUT CHARACTERISTICS 

Output Voltage 

Full 

±10 

- 

- 

±10 

- 

- 

V 

Output Current 

+250C 

±10 

- 

- 

±10 

- 

- 

mA 

Full Power Bandwidth (Note 4) 

+250C 


600 

- 

- 

600 

- 

kHz 

Output Resistance (Hold Mode) 

+25°C 


1.0 

- 

- 

1.0 

- 

n 

Total Output Noise, D.C. to 1 0MHz 









Sample 

+25°C 

- 

Wm 

200 

- 

125 

200 

t* v RMS 

Hold 

+250C 

- 


200 

- 

125 

200 

pVRMS 

TRANSIENT RESPONSE 

Rise Time (Note 5) 

+250C 


100 

| 

1 

100 

H9I 

ns 

Overshoot (Note 5) 

+25°C 

■ 

15 


1 

mm 

| 

% 

Slew Rate (Note 6) 

+250C 


45 



WM 

1 . 1 

V/ns 

DIGITAL INPUT CHARACTERISTICS 

Input Voltage (High), Vm 

| 

2.0 

wm 

mm 

2.0 

|gggj 

- 

V 

Input Voltage (Low), V||_ 


- 

■ 


- 

| X. 

0.8 

V 

Input Current (V|i_ = 0V) 

Full 

- 


I 

- 

| 

4 

mA 

Input Current (Vm = +5V) 

Full 

- 



- 


0.1 

liA 
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Specifications HA- 53 20 


Electrical Specifications (Continued) 


PARAMETER 

TEMP 

HA 

-5320-2/-8 

HA-5320-5/-7 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

SAMPLE AND HOLD CHARACTERISTICS 

Acquisition Time to 0.1 % (Note 7) 

+25°C 

- 

0.8 

mm 

- 

0.8 

mm 

JIS 

Acquisition Time to 0.01 % (Note 7) 

+25°C 

- 

1.0 

MM 

- 

1.0 


MS 

Aperture Time (Note 8) 

+25°C 

- 

25 

- 

- 

25 

m 

ns 

Effective Aperture Delay Time (See Glossary) 

+25°C 

-50 

-25 

0 

-50 

-25 

0 

ns 

Aperture Uncertainty 

+25°C 

- 

0.3 

- 

- 

0.3 

- 

ns 

Droop Rate 

+25°C 

- 

0.08 

0.5 

- 

0.08 

0.5 

jiV/jis 


Full 

- 

17 

100 

- 

1.2 

100 

mWjis 

Drift Current (Note 9) 

+25°C 

- 

8 

50 

■ 

8 

50 

pA 


Full 

- 

1.7 

10 

1 

0.12 

10 

nA 

Charge Transfer (Note 9) 

+25°C 

- 

0.1 

0.5 

■ 

0.1 

0.5 

PC 

Hold Mode Settling Time 0.01 % 

Full 

- 

165 

350 


165 

350 

ns 

Hold Mode Feedthrough (10V p _ p , 100kHz) 

Full 

" 

2 

" 


2 

- 

mV 

POWER SUPPLY CHARACTERISTICS 

Positive Supply Current (Note 1 0) 

+25°C 

- 

11 

13 

- 

11 

13 

|| 

Negative Supply Current (Note 10) 

+25°C 

- 

-11 

-13 

- 

-11 

-13 


Power Supply Rejection V+ 

Full 

80 

- 

- 

80 

- 

- 

WM 

(Note 11) V- 

Full 

65 

- 

- 

65 

- 

- 

IS 


NOTES 

1. Absolute maximum ratings are limiting values, applied individually, 
beyond which the serviceability of the circuit may be impaired. 
Functional operation under any of these conditions is not necessarily 
implied. 


6. V Q = 20V Step; R L = 2kfl; C L = 50pF. 

7. V Q = 1 0V Step; R L = 2k O; C L = 50pF. 

8. Derived from computer simulation only; not tested. 

9. V| N = 0 V, V )H = +3.5V, t r < 20ns (V| L to V| H ). 


2. Internal Power Dissipation may limit Output Current below 20mA. 

3. V CM = ±5V D.C. 

4. Vq = 20Vp_p; Rl = 2kfl; C|_ = 50pF; unattenuated output. 

5. Vq = 200mV p _ p ; R L = 2k O; Cl = 50pF. 


10. Specified for a zero differential input voltage between +IN and -IN. 
Supply current will increase with differential input (as may occur in the 
Hold mode) to approximately ±46mA at 20V. 

11. Based on a one volt delta in each supply, i.e. 15V ±0.5V D.C. 

12. R L = IK, Cl = 30pF 
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Applying the HA-5320 

The HA-5320 has the uncommitted differential inputs of an 
op amp, allowing the Sample and Hold function to be 
combined with many conventional op amp circuits. See 
the Harris Application Note 517 for a collection of circuit 
ideas. 

LAYOUT 

A printed circuit board with ground plane is recommended 
for best performance. Bypass capacitors (0.01 to 0.1 j-iF, 
ceramic) should be provided from each power supply 
terminal to the Supply Ground terminal on pin 13. 

The ideal ground connections are pin 6 (SIG. Ground) 
directly to the system Signal Ground, and pin 13 (Supply 
Ground) directly to the system Supply Common. 

HOLD CAPACITOR 

The HA-5320 includes a lOOpF MOS hold capacitor, 
sufficient for most high speed applications (the Electrical 
Specifications section is based on this internal capacitor). 


Applications 

Figure 1 shows the HA-5320 connected as a unity gain 
noninverting amplifier — its most widely used configuration. 
As an input device for a fast successive — approximation 
A/D converter, it offers very high throughput rate for a 
monolithic 1C sample/hold amplifier. Also, the HA-5320’s 
hold step error is adjustable to zero using the Offset Adjust 
potentiometer, to deliver a 12-bit accurate output from the 
converter. 

The application may call for an external hold capacitor 
CheXT as shown. As mentioned earlier, 0.1 CheXT is then 


Additional capacitance may be added between pins 7 and 
1 1 . This external hold capacitance will reduce droop rate at 
the expense of acquisition time, and provide other trade- 
offs as shown in the Performance Curves. 

If an external hold capacitor CheXT ' s used, then a noise 
bandwidth capacitor of value 0.1 CheXT should be con- 
nected from pin 8 to ground. Exact value and type are not 
critical. 

The hold capacitor CheXT should have high insulation 
resistance and low dielectric absorption, to minimize droop 
errors. Polystyrene dielectric is a good choice for operating 
temperatures up to +850C. Teflon® and glass dielectrics 
offer good performance to +125°C and above. 

The hold capacitor terminal (pin 11) remains at virtual 
ground potential. Any PC connection to this terminal should 
be kept short and “guarded” by the ground plane, since 
nearby signal lines or power supply voltages will introduce 
errors due to drift current. 

©Teflon is a registered Trademark of Dupont Corporation. 


recommended at pin 8 to reduce output noise in the Hold 
mode. 

The HA-5320 output circuit does not include short circuit 
protection, and consequently its output impedance remains 
low at high frequencies. Thus, the step changes in load 
current which occur during an A/D conversion are 
absorbed at the S/H output with minimum voltage error. A 
momentary short circuit to ground is permissible, but the 
output is not designed to tolerate a short of indefinite 
duration. 


-15V +15V 



GROUND GROUND 

FIGURE 1. 

TYPICAL HA-5320 CONNECTIONS; NONINVERTING UNITY GAIN MODE 
NOTE: Pin Numbers Refer to DIP Package Only. 
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ce Curves v S upply = ±isvdc 


. SAMPLE AND HOLD PERFORMANCE 
JNCTION OF HOLDING CAPACITOR 



ACQUISITION TIME 
FOR 10V STEP TO +0.01% 
MICROSECONDS 
I I 

VOLTAGE DROOP 
DURING HOLD MODE, 
MILLIVOLTS/100 
MILLISECONDS 


'drift » P A 







HA-5320 


Test Circuits 


CHARGE TRANSFER AND DRIFT CURRENT 


+ INPUT 

S/H 14 _ 

CONTROL S/H CONTROL 


(C H = lOOpF) 


CHARGE TRANSFER TEST 

1 . Observe the “hold step” voltage V p : 


S/H CONTROL 


DRIFT CURRENT TEST 

1. Observe the voltage “droop”, AVq/AT: 


HOLD (+ 3.5V ) s/H CONTROL 
SAMPLE (0 V) 


HOLD (+ 3.5V ) 

I SAMPLE (0V) 


2. Compute charge transfer: Q = V p Ch 


2. Measure the slope of the output during hold, AVq/AT, 
and compute drift current: Ip = C|-| AVq/AT. 


HOLD MODE FEED THROUGH ATTENUATION 


100kHz 
SINE WAVE 


S/H CONTROL 
INPUT 



TO N.C. TO N.C. 
SUPPLY SIGNAL 

COMMON GND 


Feedthrough in dB = 20 Log Vqut where: 

V|N 

Vqut = VollSp.p, Hold Mode, 

V,N - Volts D _ D . 
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Glossary of Terms 

ACQUISITION TIME: 

The time required following a “sample” command, for the 
output to reach its final value within ±0.1% or ±0.01%. This 
is the minimum sample time required to obtain a given 
accuracy, and includes switch delay time, slewing time and 
settling time. 

CHARGE TRANSFER: 

The small charge transferred to the holding capacitor from 
the inter-electrode capacitance of the switch when the unit 
is switched to the HOLD mode. Charge transfer is directly 
proportional to sample-to-hold offset pedestal error, where: 

Charge Transfer (pC) = Ch (pF) x Offset Error (V) 

APERTURE TIME: 

The time required for the sample-and-hold switch to open, 
independent of delays through the switch driver and input 
amplifier circuitry. The switch opening time is the interval 
between the conditions of 10% open and 90% open. 

HOLD STEP ERROR: 

Hold Step Error is the output error due to Charge Transfer 
(see above). It may be calculated from the specified param- 
eter, Charge Transfer, using the following relationship: 
HOLD STEP (V) = CHARGE TRANSFER (pC) 

HOLD CAPACITANCE (pF) 

See Performance Curves. 


EFFECTIVE APERTURE DELAY TIME (EADT): 

The difference between the digital delay time from the Hold 
command to the opening of the S/H switch, and the propa- 
gation time from the analog input to the switch. 

EADT may be positive, negative or zero. If zero, the S/H 
amplifier will output a voltage equal to V|n at the instant the 
Hold command was received. For negative EADT, the 
output in Hold (exclusive of pedestal and droop errors) will 
correspond to a value of V|n that occurred before the Hold 
command. 

APERTURE UNCERTAINTY: 

The range of variation in Effective Aperture Delay Time. 
Aperture Uncertainty (also called Aperture Delay 
Uncertainty, Aperture Time Jitter, etc.) sets a limit on the 
accuracy with which a waveform can be reconstructed from 
sample data. 

DRIFT CURRENT: 

The net leakage current from the hold capacitor during the 
hold mode. Drift current can be calculated from the droop 
rate using the formula: 

1 D (PA) = C H (PF) x AV (Volts/sec) 

AT 


Die Characteristics 

Transistor Count 175 Thermal Constants (C/W) 0j a 0j C 

Die Dimensions 90.2 x 143.7 x 19 mils CeramicDIP 75 15 

Substrate Potential -VSUPPLY Ceramic LCC 76 19 

Process Bipolar Dl 
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HA-5330 


August 1991 


Very High Speed Precision 
Monolithic Sample and Hold 


Features 

• Very Fast Acquisition 350ns (0.1%) 

500ns (0.01%) 

• Low Droop Rate 0.01jiV/(js 

• Very Low Offset 0.2mV 

• High Slew Rate 90V/(js 

• Wide Supply Range ±11Vto±18V 

• Internal Hold Capacitor 

• Fully Differential Input 

• TTL/CMOS Compatible 

Description 

The HA-5330 is a very fast sample and hold amplifier 
designed primarily for use with high speed A/D converters. It 
utilizes the Harris Dielectric Isolation process to achieve a 
500ns acquisition time to 1 2-bit accuracy and a droop rate of 
0.01 jjV/jjs. The circuit consists of an input transconductance 
amplifier capable of producing large amounts of charging 
current, a low leakage analog switch, and an integrating 
output stage which includes a 90pF hold capacitor. 

The analog switch operates into a virtual ground, so charge 
injection on the hold capacitor is constant and independent of 


Pinouts 


14 PIN CERAMIC DIP 
TOP VIEW 


OFFSET ADJ. 


OFFSET ADJ. 



12] SIGNAL GND. 

77] SUPPLY GND. 


8J S/H CONTROL 


Applications 

o Precision Data Acquisition Systems 

• D/A Converter Deglitching 

• Auto-Zero Circuits 


• Peak Detectors 


V|N- Charge injection is held to a low value by compensation 
circuits and, if necessary, the resulting 0.5mV hold step 
error can be adjusted to zero via the Offset Adjust terminals. 
Compensation is also used to minimize leakage currents 
which cause voltage droop in the Hold mode. 

The HA-5330 will operate at reduced supply voltages (to 
±1 1 V) with a reduced signal range. This monolithic device 
is available in a 14 pin Ceramic DIP and a 20 pad LCC 
package. The MIL-STD-883 data sheet for this device is 
available on request. 


Functional Diagram 



S/H - 8 ] 
CONTROL 


20 PAD (LCC) 
TOP VIEW 



SUPPLY -V SIGNAL 
GND GND 


OFFSET ADJ. 


OFFSET ADJ. 



181 SIGNAL GND. 


im SUPPLY GND. 


OHO X-J O 

2 l Z I| Z 

o o 


CAUTION: Electronic devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2858 
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Specifications HA-5330 


Absolute Maximum Ratings (Note i) 

Voltage between V+ and SUPPLY/SIG GND +20V 

Voltage between V- and SUPPLY/SIG GND -20V 

Voltage between SUPPLY GND and SIG GND ±2.0V 

Differential Input Voltage ±24V 

Voltage between S/H Control and SUPPLY/SIG GND ... +8V, -6 V 

Output Current, Continuous ±1 7mA (Note 2) 

Junction Temperature +175°C 


Operating Temperature Range 

HA-5330-2 -55°C to +1 25°C 

HA-5330-4 -25°C to +85^0 

HA-5330-5 0°C to +75°C 

Storage Temperature Range -65°C to +1 50°C 


Electrical Specifications Test Conditions Unless Otherwise Specified: VguPPLY = ±15V; 

S/H Control V| L = +0.8V (Sample): V !H = +2.0V (Hold); SIG GND = SUPPLY GND, 
Unity Gain Configuration (Output tied to -Input) 



INPUT CHARACTERISTICS 

Input Voltage Range 
Input Resistance (Note 3) 

Input Capacitance 
Offset Voltage 

Offset Voltage Temperature Coefficient 
Bias Current 

Offset Current 

Common Mode Range 
CMRR (Note 4) 


TRANSFER CHARACTERISTICS 


HA 

-5330-2, 

-4 

MIN 

TYP 

MAX 



Full 

±10 

_ 

- 

±10 

- 

- 

+25°C 

5 

15 

- 

5 

15 

- 

+25°C 

- 

3 

- 

- 

3 

- 

+25°C 

- 

0.2 

- 

- 

0.2 

- 

Full 

- 

- 

2.0 

- 

- 

1.5 

Full 

- 

1 

10 

- 

1 

10 

+25°C 

- 

±20 

- 

- 

±20 

- 

Full 

- 

- 

±500 

- 

- 

±300 

+25°C 

- 

20 

- 

- 

20 

- 

Full 

- 

- 

500 

- 

- 

300 

Full 

±10 

- 

- 

±10 

- 

- 

Full 

86 

100 

- 

86 

100 

- 


Gain, DC 

Gain Bandwidth Product (Note 1 2) 

Full 

+25°C 

2 x 106 

2x10 7 

4.5 

_ 

2 x 10® 

2x10 7 

4.5 

- 

v/v 

MHz 

OUTPUT CHARACTERISTICS 

Output Voltage 

Full 

±10 

- 

- 

±10 

- 

- 

V 

Output Current 

Full 

±10 

- 

- 

±10 

- 

- 

mA 

Full Power Bandwidth (Note 6) 

+25°C 

- 

1.4 

- 

- 

1.4 

- 

MHz 

Output Resistance Hold Mode 

+25°C 

- 

0.2 

- 

- 

0.2 

- 

n 

Sample Mode 

+25°C 

- 

10“ 5 

0.001 

- 

10" 5 

0.001 

n 

Total Output Noise, DC to 4.0MHz Sample Mode 

+25°C 

- 

230 

- 

- 

230 

- 

mV RMS 

Hold Mode 

+25°C 

- 

190 

- 

- 

190 

- 

mV RMS 


Die Characteristics 

Transistor Count 205 

Die Dimensions 99 x 1 66 x 1 9 mils 

Substrate Potential SIG. GND 

Process Bipolar-DI 

Thermal Constants (°C/W) 0j a 0j c 

Ceramic DIP 75 15 

Ceramic LCC 76 19 
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Specifications HA-5330 


Electrical Specifications (Continued) 


PARAMETER 


TRANSIENT RESPONSE 



HA-5330-2, -4 


TYP MAX 




Input Voltage (High), Vjh 
I nput Voltage (Low), V|i_ 
Input Current (V|j_ = OV) 
Input Current (V|h = +5V) 


SAMPLE/HOLD CHARACTERISTICS 
Acquisition Time (Note 8) (0.1 %) 

( 0 . 01 %) 

Aperture Time (Note 3) 

Effective Aperture Delay Time (See Glossary) 
Aperture Uncertainty 
Droop Rate (Note 9) 

Hold Step Error (Note 1 0) 

Hold Mode Settling Time (0.01 %) 

Hold Mode Feedthru 20V p _ p , 100kHz 


POWER SUPPLY CHARACTERISTICS 


Positive Supply Current 
Negative Supply Current 
Power Supply Rejection, V+, V- (Note 1 1 ) 


1. Absolute maximum ratings are limiting values, applied individually, 
beyond which serviceability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 

2. Internal Power Dissipation may limit Output Current below ±17mA. 

3. Derived from computer simulation only; not tested. 

4. +V CM = ±10V DC. 

5. Vj = 200mV Step; R L = 2K; C L = 50pF 

6. Full power bandwidth based on slew rate measurement using 
FPBW - SLEW RATE 

2n Vpeak 

Distortion of wave shape occurs beyond lOOKHz due to slew rate 
enhancement circuitry 


+25°C 

- 

350 

_ 

- 

350 

- 

Full 

- 

- 

500 

- 

- 

500 

-F25°C 

- 

500 

- 

- 

500 

- 

Full 

- 

- 

900 

- 

- 

900 

+25°C 

- 

20 

- 

- 

20 

- 

+25°C 

-50 

-25 

0 

-50 

-25 

0 

+25°C 

- 

0.1 

- 

- 

0.1 

- 

+25°C 

- 

0.01 

- 

- 

0.01 

- 

Full 

- 

- 

100 

- 

- 

10 

+25°C 

- 

0.5 

- 

- 

0.5 

- 

+25°C 

- 

100 

200 

- 

100 

200 

Full 

- 

-88 

- 

- 

-88 

- 




18 22 

19 23 

100 


7. V 0 = 20V Step; R L = 2K; C L = 50pF. 

8. V 0 = 10V Step; R|_ = 2K; C L = 50pF. 

9. This parameter is measured at ambient temperature extremes in a high 
speed test environment. Consequently, steady state heating effects from 
internal power dissipation are not included. 

10. V !N = OV; V IH = +3.5V; t r = 22ns (V, L to V, H ). See graph. 

11. Based on a three volt delta in each supply, i.e. 15V = ±1.5V DC. 


12. v OUT = 200mVp_ p , R L = 2K, Cl = 50pF. 
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Applying the HA-5330 

The HA-5330 has the uncommitted differential inputs of an 
op amp, allowing the Sample/Hold function to be combined 
with many conventional op amp circuit ideas. See the Harris 
Application Note 517 for a collection of circuit ideas. 

Layout 

A printed circuit board with ground plane is recommended 
for best performance. Bypass capacitors (0.01 to 0.1 (jF, 
ceramic) should be provided from each power supply 
terminal to the Supply GND Terminal on pin 11. 

Applications 

The HA-5330 is configured as a unity gain noninverting 
amplifier by simply connecting the output (pin 7) to 
the inverting input (pin 14). As an input device for a fast 
successive - approximation A/D converter, it offers an 
extremely high throughput rate. Also, the HA-5330’s 
pedestal error is adjustable to zero by using an Offset 
Adjust potentiometer (10K to 50K) center tapped to V-. 

The ideal ground connections are pin 11 (Supply Ground) 
directly to the system Supply Common, and pin 12 (Signal 
Ground) directly to the system Signal Ground (Analog 
Ground). 

Hold Capacitor 

The HA-5330 includes a 90pF MOS hold capacitor, 
sufficient for most high speed applications (the Electrical 
Specifications section is based on the internal capacitor). 

Output Stage 

The HA-5330 output circuit does not include short circuit 
protection, and consequently its output impedance remains 
low at high frequencies. Thus, the step changes in load 
current which occur during an A/D conversion are 
absorbed at the S/H output with minimum voltage error. A 
momentary short circuit to ground is permissible, but 
the output is not designed to tolerate a short of indefinite 
duration. 

MAGNITUDE AND PHASE RESPONSE 
(Closed Loop Gain = 1 00) 



Glossary of Terms 

Acquisition Time: 

The time required following a “sample” command, for the 
output to reach its final value within ±0.1% or ±0.01%. This 
is the minimum sample time required to obtain a given 
accuracy, and includes switch delay time, slewing time and 
settling time. 

Aperture Time: 

The time required for the sample-and-hold switch to open, 
independent of delays through the switch driver and input 
amplifier circuitry. The switch opening time is that interval 
between the conditions of 10% open and 90% open. 

Hold Step Error: 

Hold step error is the output shift due to charge transfer 
from the sample to the hold mode. It is also referred to as 
"offset step” or “pedestal error”. 

HOLD STEP ERROR vs. S/H CONTROL RISE TIME 



Effective Aperture Delay Time (EADT): 

The difference between the digital delay time from the Hold 
command to the opening of the S/H switch, and the propa- 
gation time from the analog input to the switch. 

EADT may be positive, negative or zero. If zero, the S/H 
amplifier will output a voltage equal to V|n at the instant 
the Hold command was received. For negative EADT, the 
output in Hold (exclusive of pedestal and droop errors) will 
correspond to a value of V|N that occurred before the Hold 
command. 

Aperture Uncertainty: 

The range of variation in Effective Aperture Delay 
Time. Aperture Uncertainty (also called Aperture Delay 
Uncertainty, Aperture Time Jitter, etc.) sets a limit on the 
accuracy with which a waveform can be reconstructed from 
sample data. 
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Features 

• Fast Acquisition Time (0.01%) 700ns 

• Fast Hold Mode Settling Time (0.01%) 200ns 

• Low Distortion (Hold Mode) -72dBc 

(V|N = 200kHz, Fs = 450kHz, 5Vp-p) 

• Bandwidth Minimally Affected By External Ch 

• Fully Differential Analog Inputs 

• Built-in 135pF Hold Capacitor 

• Pin Compatible with HA-5320 


Description 

The HA-5340 combines the advantages of two sample/ 
hold architectures to create a new generation of monolithic 
sample/hold. High amplitude, high frequency signals can 
be sampled with very low distortion being introduced. The 
combination of exceptionally fast acquisition time and 
specified/characterized hold mode distortion is an industry 
first. Additionally, the AC performance is only minimally 
affected by additional hold capacitance. 

To achieve this level of performance, the benefits of an 
integrating output stage have been combined with the 
advantages of a buffered hold capacitor. To the user this 
translates to a front-end stage that has high bandwidth due 


Applications 

• High Bandwidth Precision Data Acquisition Systems 

• Inertial Navigation and Guidance Systems 

• Ultrasonics 

• SONAR 
® RADAR 

Ordering Information 


MODEL 

NUMBER 

OPERATING 

TEMPERATURE 

RANGE 

PRODUCT 

DESCRIPTION 

HA1 -5340-5 

0°C to +75°C 

14 Pin Ceramic DIP 

HA1 -5340-9 

-40°C to +85°C 

14 Pin Ceramic DIP 


to charging only a small capacitive load and an output stage 
with constant pedestal error which can be nulled out using 
the offset adjust pins. Since the performance penalty for 
additional hold capacitance is low, the designer can further 
minimize pedestal error and droop rate without sacrificing 
speed. 

Low distortion, fast acquisition, and low droop rate are the 
result, making the HA-5340 the obvious choice for high 
speed, high accuracy sampling systems. 

For a Military temperature range version request the 
HA-5340/883 data sheet. 


Pinout 


Functional Diagram 


HA1-5340 (CERAMIC DIP) 
TOP VIEW 


+ INPUT [ 2 _ 
OFFSET [-3 


SIG. GND. 6 


14 S/H CONTROL 


13 SUPPLY GND. 


EXTERNAL 
HOLD CAP. 


10] N.C. 
"il V+ 


u HOLD EXTERNAL 
(OPTIONAL) 


S/H q 14 
CONTROL u I 



* Buffer acts as a buffer in sample mode, acts a 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 


1 closed switch in hold mode. 


File Number 
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Specifications HA-5340 


Absolute Maximum Ratings (Note i) 

Voltage Between V+ and V- Terminals 36 V 

Differential Input Voltage 24V 

Digital Input Voltage +8V, -6V 

Output Current, Continuous ±20mA 

Junction Temperature +175°c 


Operating Temperature Range 

HA-5340-9 -40°C < Ta < +85<>C 

HA-5340-5 0°C < Ta < +75°C 

Storage Temperature Range -65°C < Ta < +1 50°C 


Electrical Specifications Test Conditions (Unless Otherwise Specified) VsuPPLY = ±1 5.0V; Ch = Internal = 1 35pF; Digital Input: 

V|i_ = +0.8V (Sample), Vjh = +2.0V (Hold). Non-Inverting Unity Gain Configuration (Output tied to 
-Input), Rl = 2K, Cl = 60pF 





HA-5340-9 

HA-5340-5 



PARAMETER 

TEMP 

MIN 

TYP 

MAX 

UNITS 

INPUT CHARACTERISTICS 






Input Voltage Range 

Full 

-10 

- 

+10 

V 

Input Resistance (Note 2) 

+25°C 

- 

1 

- 

Mn 

Input Capacitance 

+25°C 

- 

- 

3 

PF 

Input Offset Voltage 

+25°C 

- 

- 

1.5 

mV 


Full 

- 

- 

3.0 

mV 

Offset Voltage Temperature Coefficient 

Full 

- 

- 

30 

MV/OC 

Bias Current 

+25°C 

- 

±70 

- 

nA 


Full 

- 

- 

±350 

nA 

Offset Current 

+25°C 

- 

±50 

- 

nA 


Full 

- 

- 

±350 

nA 

Common Mode Range 

Full 

-10 

- 

+10 

V 

CMRR (±10 Vdc)(Note3) 

+25°C 

- 

83 

- 

dB 


Full 

72 

- 

- 

dB 


TRANSFER CHARACTERISTICS 
Gain, DC 

Gain Bandwidth Product Ch External = OpF 

Ch External = 1 0OpF 
Ch External = lOOOpF 


TRANSIENT RESPONSE 


DIGITAL INPUT CHARACTERISTICS 


Input Voltage (High), V|h 

Input Voltage (Low), V|l 

Input Current V|l = OV Ijl 

Input Current V|h = 5V I|h 


OUTPUT CHARACTERISTICS 


Output Voltage 
Output Current 

Full Power Bandwidth (Slew Rate Limited) (Note 4) 
Output Resistance - Hold Mode 


TOTAL OUTPUT NOISE, D.C. TO 1 0MHz 


Sample Mode 
Hold Mode 



Rise Time 

(200mV step) 

+25°C 

- 

20 

30 

ns 

Overshoot 

(200mV step) 

+2 50C 

- 

35 

50 

% 

Slew Rate 

(10V step) 

+250C 

40 

60 

- 

V/ M s 
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Specifications HA- 5340 


Electrical Specifications Test Conditions (Unless Otherwise Specified) VguPPLY = ±1 5.0V; Ch = Internal = 1 35pF; Digital Input: 

V|L = +0.8V (Sample), V|h = +2.0V (Hold). Non-Inverting Unity Gain Configuration (Output tied to 
-Input), Rl = 2K, Cl = 60pF 

HA-5340-9 

HA-5340-5 

PARAMETER TEMP MIN TYP MAX UNITS 


DISTORTION CHARACTERISTICS 

SAMPLE MODE 
Signal to Noise Ratio 

(RMS Signal to RMS noise) V| N = 200kHz (20Vp-p) Full - 115 - dB 

Total Harmonic Distortion 

V IN = 200kHz, 5Vp-p 
V iN = 200kHz, lOVp-p 
V| N = 200kHz, 20Vp-p 
V )N = 500kHz, 5Vp-p 

Intermodulation Distortion 

V|N = 1 0Vp-p (fl = 20kHz, f2 = 21 kHz) 

HOLD MODE (50% Duty Cycle S/H) 

Signal to Noise Ratio 
(RMS Signal to RMS noise) 

Fs = 450kHz V| N = 200kHz, 5Vp-p 

V| N = 200kHz, lOVp-p 

Total Harmonic Distortion 

Fs = 450kHz Vim = 200kHz, 5Vp-p 


Fs = 2f|N(Nyquist) 


Intermodulation Distortion 
Fs = 450kHz 


SAMPLE/HOLD CHARACTERISTICS 


= lOVp-p 

= 20kHz, f2 = 21 kHz) 


Acquisition Time 


Droop Rate (Ch = Internal) 


10V Step to 0.01% 


10V Step to 0.1% 


Hold Step Error (V| L = 0V, V| H = 4.0V, t r = 5ns) 
Hold Mode Settling Time (to ±1 mV) 

Hold Mode Feedthrough (20Vp-p, 200kHz, sine) 
EADT (Effective Aperture Delay Time) 

Aperture Uncertainty 

POWER SUPPLY CHARACTERISTICS 


Positive Supply Current 
Negative Supply Current 
PSRR (V or -V, 1 0% delta) 


NOTES: 1. Absolute maximum ratings are limiting values, applied individual- 
ly, beyond which the serviceability of the circuit may be impaired. 
Functional operation under any of these conditions is not neces- 
sarily implied. 


+25°C 

- 

700 

- 

Full 

- 

- 

900 

+25°C 

- 

430 

600 

+25°C 

- 

0.1 

- 

Full 

- 

- 

95 

+25°C 

- 

15 

- 

Full 


200 

300 

Full 

- 

-76 

- 

+25°C 

- 

-15 

- 

+25°C 

- 

0.2 

- 



2. Derived from Computer Simulation only, not tested. 

3. +CMRR is measured from 0V to -MOV, -CMRR is measured from 0V 
to -10V 

4. Based on the calculation FPBW = Slew Rate/2nVpeak (Vpeak = 10V). 
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Applying the HA-5340 

The HA-5340 has the uncommitted differential inputs of an 
op amp, allowing the Sample and Hold function to be 
combined with many conventional op amp circuits. See 
the Harris Application Note 517 for a collection of circuit 
ideas. 


A printed circuit board with ground plane is recommended 
for best performance. Bypass capacitors (0.01 to 0.1 pF, 
ceramic) should be provided from each power supply 
terminal to the Supply Ground terminal on pin 13. 

The ideal ground connections are pin 6 (SIG. Ground) 
directly to the system Signal Ground, and pin 13 (Supply 
Ground) directly to the system Supply Common. 

HOLD CAPACITOR 

The HA-5340 includes a 135pF MOS hold capacitor, 
sufficient for most high speed applications (the Electrical 
Specifications section is based on this internal capacitor). 


Additional capacitance may be added between pins 7 and 
1 1. This external hold capacitance will reduce droop rate at 
the expense of acquisition time, and provide other trade- 
offs as shown in the Performance Curves. 

The hold capacitor Ch should have high insulation 
resistance and low dielectric absorption, to minimize droop 
errors. Teflon®, polystyrene and polypropylene dielectric 
capacitor types offer good performance over the specified 
operating temperature range. 

The hold capacitor terminal (pin 11) remains at virtual 
ground potential. Any PC connection to this terminal should 
be kept short and “guarded” by the ground plane, since 
nearby signal lines or power supply voltages will introduce 
errors due to drift current. 


©Teflon is a registered Trademark of Dupont Corporation. 


Applications 

Figure 1 shows the HA-5340 connected as a unity gain 
noninverting amplifier — its most widely used configuration. 
As an input device for a fast successive — approximation 
A/D converter, it offers very high throughput rate for a 
monolithic 1C sample/hold amplifier. Also, the HA-5340’s 
hold step error is adjustable to zero using the Offset Adjust 
potentiometer, to deliver a 12-bit accurate output from the 
converter. 


The HA-5340 output circuit does not include short circuit 
protection, and consequently its output impedance remains 
low at high frequencies. Thus, the step changes in load cur- 
rent which occur during an A/D conversion are 
absorbed at the S/H output with minimum voltage error. A 
momentary short circuit to ground is permissible, but the 
output is not designed to tolerate a short of indefinite 
duration. 


S/H CONTROL 
H O 

s/ V 


4 5 9 11 




. DIGITAL 
OUTPUT 


JM ANALOG 
COMMON 


SYSTEM 

POWER 

GROUND 


SYSTEM 

SIGNAL 

GROUND 


FIGURE 1. 

TYPICAL HA-5340 CONNECTIONS; NONINVERTING UNITY GAIN MODE 

NOTE: Pin Numbers Refer to DIP Package Only. 
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Test Circuits 


HOLD STEP ERROR AND DROOP RATE 



HOLD STEP ERROR 

1. Observe the “hold step” voltage V p : 


DROOP RATE TEST 

1. Observe the voltage “droop”, AVq/AT: 


S/H CONTROL 


J~L 

_K 


HOLD (4.0V) 

SAMPLE (OV) 


I Vp 


S/H CONTROL 


_J lj 


HOLD (4.0V) 
SAMPLE (OV) 



2. Measure the slope of the output during hold, AVq/AT. 

3. Droop can be positive or negative - usually to one rail or 
the other not to GND. 


HOLD MODE FEED THROUGH ATTENUATION 


J V 



SUPPLY 

COMMON 


SIGNAL 

GND 


Feedthrough in dB = 20 Log Vqut where: 

~vif r 

Vqut = VoltSp_p, Hold Mode, 

V|N = VoltSp.p. 
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(sif/A-rf) 3ivu dooaa 


HA-5340 



Performance Curves Vs = ±15V, Ta = +25°C, unless otherwise specified. 

t ACQ p OS 0 TO +10 STEP T AC Q vs. ADDITIONAL C H 


S/H 

CONTROL 


EXTERNAL HOLD CAPACITOR (pF 


EXTERNAL HOLD CAPACITANCE (pF) 
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HOLD STEP ERROR (mV) 


HA-5340 


Performance Curves (Continued) Vs = ±15V, T a = +25°C, unless otherwise specified. 


HOLD STEP ERROR vs. T R | SE 

Ch = Internal; Temperature = +25°C 


HOLD STEP ERROR vs. HOLD CAPACITANCE 
Trise — 5ns; Temperature = +25°C 



TRISE (ns) EXTERNAL HOLD CAPACITANCE (pF) 


HOLD STEP ERROR vs. TEMPERATURE 

HOLD STEP ERROR vs. TEMPERATURE V iH = 4V, Cr = Internal 

Vjh = 4V, Cr = 470pF t r =5ns, 10ns, 20ns 



-55 - 35 -15 0 25 50 75 100 125 - 55 - 35 -15 0 25 50 75 100 125 

TEMPERATURE (°C) TEMPERATURE (°C) 
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MAGNITUDE (dB) 


HA-5340 
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PHASE ANGLE (DEGREES) 







MAGNITUDE (dB) 


HA-5340 
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Selection Guide 


DIFFERENTIAL AMPLIFIERS 


TYPE 

DESCRIPTION 

FEATURES 

FREQ. 
RANGE 
DC TO 
MHz 

A 

(TYP) 

dB 

BW 

(3dB 

POINT) 

(TYP) 

MHz 

1/F 

NF 

(TYP) 

dB 

AGC 

RANGE 

(TYP) 

dB 

PIN 

CT 

AND 

PKG 

TYPE* 

CA3028A 

Differential 

/Cascode 

Amplifiers 

• Balanced differential-amplifier configuration 
with controlled constant-current source 

• RF, IF, and video frequency capability 

• Balanced age capability 

• Operation from DC to 500MHz 

• CA3028B is controlled for input offset voltage, 
current, and input bias current, and is intended 
for “balance” requirements 

• Push-pull inputs and outputs 

• CA3028 and CA3053 are identical except for 

1 00MHz noise specification 

120 

40 □ 

- 

mm 

62 

8E, M, 

S, T 

CA3028B 

120 

40 

8 

mm 

62 

CA3049 

Dual High 
Frequency 

500 

22 

1.35 A 

53 

75 

12T 

CA3053 

Differential 

/Cascode 

Amplifier 

120 

40 . 

Recommended for IF Amplifier 
Applications 

8E, M, 
S,T 

CA3054 

Dual 

Independent 

120 

32 

550 1 

3.25 

75 

14E, M 

CA3102 

Dual High- 
Frequency 

500 

22 

1.35 A 

1.5 

mi 

14E, M 


*See Packaging and Ordering Information in Section 12 A GHz ffj (MHz) DGp Min. at 100MHz: Cascode = 16dB; Diff Ampl. = 14dB. 
CA3028B: V OUT = 1 1.5V p _ p . T A Range: -55 to +125°C except for type CA3054 (0 to +85°C) 
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Differential/Cascode Amplifiers 
August 1991 For Commercial & Industrial Equipment from DC to 120MHz 


Features 

° Controlled for Input Offset Voltage, Input Offset 
Current and Input Bias Current (CA3028 Series Only) 

° Balanced Differential Amplifier Configuration with 
Controlled Constant-Current Source 

° Single-Ended and Dual-Ended Operation 

Applications 

° RF and IF Amplifiers (Differential or Cascode) 

° DC, Audio and Sense Amplifiers 
° Converter in the Commercial FM Band 
® Oscillator 
• Mixer 
° Limiter 

° Companion Application Note, ICAN 5337 “Applica- 
tion of the CA3028 Integrated Circuit Amplifier in the 
HF and VHF Ranges.” This note covers characteris- 
tics of different operating modes, noise performance, 
mixer, limiter, and amplifier design considerations. 


Description 

The CA3028A and CA3028B are differential/cascode 
amplifiers designed for use in communications and 
industrial equipment operating at frequencies from DC to 
120MHz. 

The CA3028B is like the CA3028A but is capable of 
premium performance particularly in critical DC and 
differential amplifier applications requiring tight controls for 
input offset voltage, input offset current, and input bias 
current. 

The CA3053 is similar to the CA3028A and CA3028B but is 
recommended for IF amplifier applications. 

The CA3028A, CA3028B, and CA3053 are available in 8- 
lead packages as shown below. When ordering these 
devices, it is important to add the appropriate suffix letter to 
the device. 


Package/Lead Options 


SMALL 
OUTLINE 
(150 MIL) 

STRAIGHT 

LEAD 

TO-5 

DUAL-IN-LINE 
FORMED- • 
LEAD. TO-5 

DUAL-IN-LINE 

PLASTIC 

(MINI-DIP) 

CA3028AM 

CA3028A* 

CA3028AS 

CA3028AE 

CA3028BM 

CA3028B* 

CA3028BS 

CA3028BE 

CA3053M 

CA3053* 

CA3053S 

CA3053E 


‘Most types in a straight-lead TO-5 package carry a “T” suffix. This one does 
not. Order type number as shown. 


Schematic Diagram 



FIGURE 1. CA3028A, CA3028B AND CA3053 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 382.1 
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CA3028A, CA3028B, CA3053 


ABSOLUTE MAXIMUM RATINGS at T A = 25° C 


DISSIPATION 

At T a Up to 85° C (CA3028A. CA3028B. CA3053) 450 mW 

At T a 85° C (CA3028A. CA3028B. CA305J) Derate linearly 5 mW/° C 

AMBIENT-TEMPERATURE RANGE 

Operating -55°C to M25°C 

Storage -65° C to +150° C 

LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 T 1/32 (1 59 * 0 79 mm) from case for 10 seconds max +265° C 


MAXIMUM VOLTAGE RATINGS at T A = 25°C 


TERM- 

INAL 

No. 

1 

2 

3 

4 

5 

6 

7 

8 

This chart gives the range of volt- 
ages which can be applied to the 
terminals listed horizontally with re- 
spect to the terminals listed vertical- 
ly. For example, the voltage range of 
the horizontal terminal 4 with re- 
spect to terminal 2 is -1 to +5 volts. 

t Terminal #3 is connected to the 
substrate and case. 

* Voltages are not normally applied 
between these terminals. Voltages 
appearing between these termi- 
nals will be safe, if the specified 
voltage limits between all other 
terminals are not exceeded. 

A Limit is -1 2V for CA3053. 

® Limit is +15V for CA3053. 

Limit is +12V for CA3053. 

• Limit is +24V for CA3028A and 
+1 8V for CA3053. 

-1 


0 

to 

-15 A 

0 

tO A 

-15 a 

0 

to . 
-15 a 

+ 5 
to 
-5 

* 

* 

+ 20'? 
to 

0 

2 



+5 

to 

-11 

+ 5 

to 

-1 

+15* 

to 

0 

* 

+15* 

to 

0 

* 

3t 




+10 

to 

0 

+15* 

to 

0 

+ 30* 
to 

0 

+15* 

to 

0 

+30* 

to 

0 

4 





+15* 

to 

0 

* 

* 

, 

5 






+ 20© 
to 

0 

* 

* 

6 







- 

* 

7 









8 

. 










MAXIMUM 

CURRENT RATINGS 


TERM- 

INAL 

No. 

•in 

mA 

lOUT 

mA 

1 

0.6 

0.1 

2 

4 

0.1 

3 

0.1 

23 

4 

20 

0.1 

5 

0.6 

0.1 

6 

20 

0.1 

7 

4 

0.1 

8 

20 

0.1 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTIC 

SYMBOL 

TEST 
Cl R- 
CUIT 

SPECIAL TEST 

CONDITIONS 

LIMITS 

TYPE CA3028A 

LIMITS 

TYPE CA3028B 

LIMITS 

TYPE C A3 053 

UNITS 

TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

Fig. 

Min. |Typ. | Max. 

Min.| Typ. |Max. 

Min. |Typ.|Max. 

Fig. 

i STATIC CHARACTERISTICS 1 




+v cc 

- V EE 












Input Offset Voltage 

VTO 

2 

6V 

12V 

6V 

12V 

. 

' 

‘ 

■ 


0.98 

0.89 

5 

5 

. 

- 

. 

mV 

4 

Input Offset Current 

Ito 

3a 

6V 

12V 

6V 

12V 

- 




0.56 

1.06 

5 

6 

- 

. 

. 

aA 

4 

Input Bias Current 

Tl 

3a 

6V 

12V 

6V 

12V 

. 

16.6 

36 

70 

106 

- 

16.6 

36 

40 

80 

- 


- 

/xA 

5a 

3b 

9V 

12V 




- 


: 


: 

29 

36 

85 

125 

5b 

Quiescent Operating 
Current 

16 

or 

18 

3a 

6V 

12V 

6V 

12V 

0.8 

2 

1.25 

3.3 

2 

5 

1 

2.5 

1.25 

3.3 

1.5 

4 

. 


. 

mA 

6a 

7 

3b 

9V 

12V 

- 


■ 

' 

• 

* 


1.2 

2.0 

2.2 

3.3 

3.5 

5.0 

6b 

AGC Bias Current 
(Into Constant-Current 
SourceTerminal No. 7) 

17 

8a 

12V 

12V 

V AGC =+9 
V AGC = +12 

- 

1.28 

1.65 


- 

1.28 

1.65 

* 

- 

. 


mA 

8b 


9V 

12V 

- 

- 

- 

- 

- 


- 

- 

1 .15 
1.55 

- 

_ 

lnputCurrent(Terminal 
No. 7) 

h 


6V 

12V 

6V 

12V 

0.5 

1 

0.85 

1.65 

1 

2.1 

0.5 

1 

0.85 

1.65 

1 

2.1 

- 

- 

. 

mA 

- 

Device Dissipation 

P T 

a 

■u 

6V 

12V 


iM 

mm 


n 

n 

n 

- 

- 

- 

mW 

n 

m 

n 

- 


m 

_ 

□ 


r 

- 

50 

100 

80 

150 


mm 
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CA3028A, CA3028B, CA3053 


ELECTRICAL CHARACTERISTICS at T A = 25°C (cant’d) 





TEST 








1 





TYPICAL 




CIR- 

SPECIAL TEST 


LIMITS 



LIMITS 



LIMITS 



CHARAC- 

CHARACTERISTIC 

SYMBOL 

CUIT 

CONDITIONS 

TYPE CA3028A 


TYPE CA3028B 

TYPE CA3053 

UNITS 

TERISTICS 

CURVE 





Fig- 



Min | 

Typ. 

Max. 

Mm. 

Typ. 

Max. 

Min. 

Typ. 1 

Max. 


Fig- 

| DYNAMIC CHARACTERISTICS | 




10a 

f =100 MHz 

Cascode 

16 

20 


16 

20 





dB 

10b 




lla.d 

VcC = -*9V 

Diff.-Ampl 

14 

17 


14 

17 





llb.e 



in 

G P 

10a 

f = 10.7 MHz 

Cascode 

35 

39 


35 

39 


35 

39 


dB 

10b * 




11a 

II 

Diff.-Ampl 

28 

32 


28 

32 


28 

32 


lib * 

1 Noise Figure 

NF 

10a 

f = 100 MHz 

Cascode 


7 2 

9 


7.2 

9 




dB 

10c 





lla.d 

VcC = +9V 

Diff.-Ampl 


6.7 

9 


6.7 

9 




11c, e 

1 Input Admittance 

Yll 



Cascode 





0.6 + j 1.6 






12 






Diff.-Ampl 





0.5 + j 0.5 






13 

Reverse Transfer 

Y12 



Cascode 





0 0003 - j0 





mmho 

14 

Admittance 


f =10.7 MHz 

Diff -Ampl. 





0.01 - j 0.0002 





15 

Forward Transfer 

Y 21 


> 

<T) 

II 

o 

o 

> 

Cascode 





99 - j 18 





mmho 

16 

Admittance . 



Diff -Ampl. 





-37 + JO 5 





17 

OutDut 


Y 22 



Cascode 





0 + jO 08 





mmho 

18 

Admittance 



Diff -Ampl 





0 04 + j 0.23 





19 

Power Output 
(Untuned) 

P o 

20a 

f = 10 7 MHz 

Diff -Ampl 
50 ft Input- 
Output 


5 7 



5.7 





jiW 

20b 

AGC Range 
















(Max. Power Gain 

AGC 

21a 

> 

<T> 

II 

o 

o 

> 

Diff.-Ampl. 


62 



62 





dB 

21b 

to Full Cutoff) 















at 


22a 

f = 10.7 MHz 

Cascode 


40 



40 



40 


dB 

22b 

Voltage 

Gain 

f- 10.7 MHz 


22c 

V CC =+0V 
R L = 1 kft 

Diff -Ampl. 


30 



30 



30 


22 d 



Differential 



V CC =+6V, 

R(_ = 2 kft 

V ee =-6V. 




35 

38 

42 







f = l kHz 


23 

V rr =+12V. 

r l = i. 6 kft 

V EE =-12V 




40 

42.5 

45 




dB 


Max Peak-to-Peak 
Output Voltage 

V Q (P-P) 

23 

V CC =+€V, 
R l =2 kft 

V ee = -6V. 




7 

11.5 





Vp.p 


at f ~ 1 kHz 



V CC = + 12V, 

VeE = 12V 




15 












R L = 1.6 kH 




23 











V rr = *6V, 

R l = 2 kH 

< 

m 

II 

(T> 

< 





7.3 







Bandwidth 
at -3 dB point 

BW 

23 

v C c= +12v - 

v EE = 12v 










MHz 


. 




r l = i.6 k n 





8 







Common-Mode 


24 

< 

o 

o 

II 

&> 

< 

< 

m 

m 

II 

o> 

< 




-2.5 

(-3.2 - 4.5) 

4 






Input-Voltage Range 

V CMR 

^cc ~ +12 v. 

V EE = -12V 




-5 

(-7 - 9) 

7 




V 


Common-Mode 

CMR 

24 

V CC =*6V. 

V E£ = -6V 




60 

110 

- 




dB 


Rejection Ratio 



v cc =tljv - 

V ee = -12V 




60 

90 






Input Impedance 

Z IN 


> 

¥ 

II 

o 

o 

> 

< 

m 

m 

If 

CT) 

< 





5.5 





kft j 


at f =1 kHz 


< 

o 

o 

II 

< 

V EE = -12V 




- 1 

3 






1 




v cc = ^v 

= 10.7 MHz 

2 

4 

7 

2.5 

4 

6 

2 

4 

7 






e m =400 mV 
Diff.-Ampl. 










mA 


Output 

Current 


'P-P 


v cc = +12v 

3.5 

6 

10 

4.5 

6 

8 

3.5 

6 

10 





* Does not apply to CA3053 
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CA3028A, CA3028B, CA3053 


DEFINITION OF TERMS 
AGO Bias Current 

The current drawn by the device from the AGC-voltage 
source, at maximum AGC voltage. 

AGC Range 

The total change in voltage gain (from maximum gain to 
complete cutoff) which may be achieved by application of 
the specified range of dc voltage to the AGC input terminal 
of the device. 

Common-Mode Rejection Ratio 

The ratio of the full differential voltage gain to the common- 
mode voltage gain. 

Device Dissipation 

The total power drain of the device with no signal applied 
and no external load current. 

Input Bias Current 

The average value (one-half the sum) of the currents at the 
two input terminals when the quiescent operating voltages 
at the two output terminals are equal. 

Input Offset Current 

The difference in the currents at the two input terminals 
when the quiescent operating voltages at the two output 


terminals are equal. 

Input Offset Voltage 

The difference in the dc voltages which must be applied to 
the input terminals to obtain equal quiescent operating 
voltages (zero output offset voltage) at the output terminals. 

Noise Figure 

The ratio of the total noise power of the device and a 
resistive signal source to the noise power of the signal 
source alone, the signal source representing a generatorof 
zero impedance in series with the source resistance. 

Power Gain 

The ratio of the signal power developed at the output of the 
device to the signal power applied to the input, expressed in 
dB. 

Quiescent Operating Current 

The average (dc) value of the current in either output 
terminal. 

Voltage Gain 

The ratio of the change in output voltage at either output 
terminal with respect to ground, to a change in input voltage 
at either input terminal with respect to ground, with the 
other input terminal at ac ground. 


Vcc 



Fig. 2 - Input offset voltage test circuit for CA3028B. 


Vcc 



Fig. 3a - Input offset current, input bias current, device 
dissipation, and quiescentoperating current testcircuit 
for CA3028A and CA3028B. 
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CA3028A, CA3028B, CA3053 


v cc 




Fig. 3b - Input bias current, device dissipation and quiescent Fig. 4 - Input offset voltage and input offset current for CA3028B. 

operating current test circuit for CA3053. 


TYPICAL CHARACTERISTICS 





P 

OSITIVE DC SUPPLY VOLTS (V C C 
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AMBIENT TEMPERATURE (Ta) — *C 

Fig. 5a - Input bias current vs. ambient temperature for CA3028A 
and CA3Q28B. 



Fig. 5b - Input bias current vs. ambient temperature for CA3053. 




Fig. 6a - Quiescent operating current vs. ambient temperature for 
CA3028A and CA3028B. 



Fig. 6b - Quiescent operating current vs. ambient temperature 
for CA3053. 
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CA3028A, CA3028B, CA3053 


TYPICAL CHARACTERISTICS (Continued) 



Fig. 7 - Operating current vs. Vee voltage for CA3028A and 
CA3028B. 


TYPICAL CHARACTERISTICS AND TEST CIRCUITS 




v cc 


Fig. 8a - AGO bias current test circuit ( differential-amplifier 
configuration) for CA3028A and CA3028B. 


Fig. 8b - AGO bias current vs. bias volts (terminal No. 7) for 
CA3028A and CA3028B. 




* FOR NOISE FIGURE TEST 


Fig. 9 - Device dissipation vs. temperature for CA3028A and Fig. 10a -Power gain and noise figure test circuit ( cascode 

CA3028B. configuration) for CA3028A, CA3028B and CA3053 * 

* 10.7 MHz Power Gain Test Only. 
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CA3028A, CA3028B, CA3053 


TYPICAL CHARACTERISTICS AND TEST CIRCUITS (Continued) 



Fig 10b - Power gam vs. frequency ( cascode configuration) for Fig. 10c - 100 MHz noise figure vs. collector supply volts ( cascode 

CA3028A and CA3028B. configuration) for CA3028A and CA3028B 

TYPICAL NOISE FIGURE AND POWER GAIN TEST CIRCUITS AND CHARACTERISTICS 



* FOR POWER GAIN TEST 

* FOR NOISE FIGURE TEST 


Fig. 11a - Power gain and noise figure test circuit (differential- 
amplifier configuration and terminal No. 7 connected 
to Vcc) for CA3028A , CA3028B and CA3053' . 

'10.7 MHz Power Gain Test Only. 



Fig. 11c- 100 MHz noise figure vs. collector supply voltage 
(differential-amplifier configuration) for CA3028A and 
CA3028B 



Fig. 11b - Power gam vs. frequency (differential-amplifier 
configuration) for CA3028A and CA3028B. 


5K 



# FOR POWER GAIN TEST 

* FOR NOISE FIGURE TEST 


Fig. lid - Power gam and noise figure test circuit (differential- 
amplifier configuration) for CA3028A and CA3028B. 
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CA3028A, CA3028B, CA3053 


TYPICAL NOISE FIGURE AND POWER GAIN TEST CIRCUITS AND CHARACTERISTICS (Continued) 
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987 65432 

POSITIVE DC BIAS VOLTS ON TERMINAL No.7 


Fig. lie- 100 MHz noise figure and power gain vs. base-to- 
emitterbias (terminal No. 7) for CA3028A and CA3028B. 


TYPICAL ADMITTANCE PARAMETERS 



Fig. 12 -Input admittance (Y^^) vs. frequency ( cascode 
configuration) for CA3028A. CA3028B and CA3053. 
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Fig. 14 - Reverse transadmittance (Y 12 ) vs. frequency ( cascode 
configuration) for CA3028A, CA3028B and CA3053. 
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Fig. 13 -Input admittance (Y,i) vs. frequency (differential- 
amplifier configuration) for CA3028A, CA3028B and 
CA3053. 
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Fig. 15 - Reverse transadmittance (Y 12 ) vs. frequency 
(differential-amplifier configuration) for CA3028A, 
CA3028B and CA3053. 
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TYPICAL ADMITTANCE PARAMETERS (Continued) 



DIFFERENTIAL-AMPLIFIER CONFIGURATION 

AMBIENT TEMPERATURE- (T a )=25°C 

COLLECTOR SUPPLY VOLTS 5 +9 

COLLECTOR MILLIAMPERES, EACH TRANSISTOR (Ic > = 2 2 
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Fig. 16 - Forward transadmittance (Y 2 \) vs. frequency (cascode 
configuration) for CA3028A, CA3028B and CA3053. 


Fig. 17 - Forward transadmittance (V^i) vs. frequency 
( differential-amplifier configuration) for CA3028A, 
CA3028B and CA3053. 




FREQUENCY (f)-MHz 



Fig. 18- Output admittance ( Y 22 ) vs. frequency (cascode 
configuration) for CA3028A, CA3028B and CA3053. 

TYPICAL TEST CIRCUITS AND CHARACTERISTICS 


Fig. 19- Output admittance (Y 22 ) vs. frequency ( differential- 
amplifier configuration) for CA3028A. CA3028B and 
CA3053. 



Fig. 20a - Output power test circuit for CA3028A and CA3028B. 


differential-amplifier configuration 

AMBIENT TEMPERATURE (T A ) 5 25'C CONSTANT POWER INPUT=2/iW 



Fig. 20b - Output power vs. frequency - 50 Q input and 50 Q 
output (differential-amplifier configuration) for 
CA3028A and CA3028B. 
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CA3028A, CA3028B, CA3053 


TYPICAL TEST CIRCUITS AND CHARACTERISTICS (Continued) 


5 K 



Fig. 21a - AGC range test circuit ( differential amplifier) for 
CA3028A and CA3028B. 

TEST CIRCUITS AND TYPICAL CHARACTERISTICS 



Fig. 22a - Transfer characteristic (voltage gain) test circuit ( 10.7 
MHz) cascode configuration for CA3028A, CA3028B 
and CA3053. 



Fig. 22c - Transfer characteristic ( voltage gam) test circuit ( 10.7 
MHz) differential-amplifier configuration for CA3028A, 
CA3028B and CA3053. 



9876543210 


DC BIAS VOLTS ON TERMINAL No.7 


Fig. 21b - AGC characteristics for CA3028A and CA3028B. 



O 0.05 0.1 0.15 


INPUT VOLTS ( Vj n ) 

Fig. 22b - Transfer characteristics (cascode configuration) for 
CA3028A. CA3028B and CA3053. 



O i 005 0.1 0.15 


INPUT VOLTS (v jn ) 

Fig 22d - Transfer characteristics ( differential-amplifier 
configuration) for CA3028A, CA3028B and CA3053. 
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TEST CIRCUITS AND TYPICAL CHARACTERISTICS (Continued) 


v cc 



V EE 


v cc 



For CMR test: Si to ground 

For input common-mode voltage range test: Si to Vx 


* For R - 1.6 kQ - (Vcc " 12V, Vee ‘ -12V) 
For R - 2 kQ - (V C c " 6 V, VEE ^ -6V) 


Common mode rejection ratio - 20 logjQ 
* A - Single-ended voltage gain. 


(A*) (2) (0,3) 

Vqiff (^ms) 


Fig. 23 - Differential voltage gain, maximum peak-to-peak output 


Fig. 24 - Common-mode rejection ratio and common-mode 


voltage, and bandwidth test circuit for CA3028B. 


input-voltage range test circuit for CA3028B. 
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August 1991 


CA3049 

CA3102 

Dual High-Frequency Differential Amplifiers 
For Low-Power Applications Up to 500MHz 


Features 

• Power Gain 23dB (Typ) 200MHz 

® Noise Figure 4.6dB (Typ) 200MHz 


• Two Differential Amplifiers on a Common Substrate 

• Independently Accessible Inputs and Outputs 

• Full Military Temperature Range . . . -55°C to +1 25°C 

Applications 

• VHF Amplifiers 

• VHF Mixers 

• Multifunction Combinations - RF/Mixer/Oscillator; 
Converter/IF 

• IF Amplifiers (Differential and/or Cascode) 

• Product Detectors 

• Doubly Balanced Modulators and Demodulators 

• Balanced Quadrature Detectors 

• Cascade Limiters 

• Synchronous Detectors 

• Balanced Mixers 

• Synthesizers 

• Balanced (Push-Pull) Cascode Amplifiers 

• Sense Amplifiers 


Description 

The CA3049T and CA3102* consist of two independent 
differential amplifiers with associated constant-current 
transistors on a common monolithic substrate. The six 
transistors which comprise the amplifiers are general- 
purpose devices which exhibit low l/f noise and a value of fj 
in excess of 1 GHz. These features make the CA3049T and 
CA3102 useful from DC to 500MHz. Bias and load registers 
have been omitted to provide maximum application 
flexibility. 

The monolithic construction of the CA3049T and CA3102 
provides close electrical and thermal matching of the 
amplifiers. This feature makes these devices particularly 
useful in dual-channel applications where matched 
performance of the two channels is required. 

The CA3102 is like the CA3049T except that it has a 
separate substrate connection for greater design flexibility. 
The CA3049T is supplied in the 12-lead TO-5 package; the 
CA3102, in the 14-lead plastic dual-in-line package 
{E suffix) and in the 14-lead Small Outline package 
(M suffix). 

* Formerly Developmental No. TA6228. 


Pinouts 


CA3102E, CA3102M 
TOP VIEW 




SUBSTRATE 
AND CASE 


Schematic Diagrams 



CA3102E, CA3102M 



CA3049T 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 


File Number 611.1 
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MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES , 
AT T a = 25° C 


Power Dissipation, P: 

CA3049T 

CA3102E 


Any one transistor 

300 


300 

mW 

Total package 

600 


750 

mW 

For T a > 55°C Derate at: 

5 


j 6.67 mW/°C 

Temperature Range: 





Operating 

—55 to + 

125 

-55 to + 125 

°C 

Storage 

-65 to + 

150 

-6J5 to + 1 50 

°C 


The following ratings apply for each transistor in the devices 


Collector-to-EmitterVoltage, Vq^o 15 V 

Collector-to-Base Voltage, Vqqq 20 V 

Collector-to-Substrate Voltage, Vqjq* 20 V 

Emitter-to-Base Voltage, V^ B o 5 V 

Collector Current, Iq 50 mA 


♦The collector of each transistor of the CA3049T and CA3102 is 
isolated from the substrate by an integral diode. The substrate 
(terminal 9) must bo connected to the most negative point in the 
external circuit to maintain isolation between transistors and to 
provide for normal transistor action. 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

TEST 

CIR- 

CUIT 

CA3102 LIMITS 

CA3049T LIMITS 


TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

FIG. 

MIN. | TYP. |MAX. 

MIN. I TYP. IMAX. 

UNITS 

FIG. 

1 STATIC CHARACTERISTICS 



1 For Each Differential Amplifier — “ | 

Input Offset Voltage 

VlO 


1 

... 

0.25 

5 


0.25 


mV 

-4 

Input Offset Current 

•io 

I3 = Ig = 2 mA 

1 

... 

0.3 

3 

... 

0.3 

... 

pA 

... 

Input Bias Current 

■is 


1 

... 

13.5 

33 


13.5 

33 

pA 

5 

Temperature Coefficient Mag- 
nitude of Input-Offset Voltage 

IAV, 0 I 

AT 


1 

... 

1.1 

... 


1.1 

... 

pV/°C 

4 

I For Each Transistor 



DC Forward Base- to- 
Emitter Voltage 

v B e 

V CE - 6 V 
l c = 1 mA 


674 

774 

874 


774 


mV 

6 

Temperature Coefficient of 
Base-to-Emitter Voltage 

avbe 

AT 

V CE »6V, l c *1mA 



-0.9 

... 

... 

-0.9 


mV/°C 

6 

Collector-Cutoff Current 

'CBO 

V C B“ 10 v - 'E“° 

... 

... 

0.0013 

100 


0.0013 

100 

nM 

7 

Collector- to- Emitter 

Breakdown Voltage 

v (BR)CEO 

lc = 1 mA, Iq «■ 0 

- 

15 

24 

... 

15 

24 

... 

V 


Collector-to-Base 

Breakdown Voltage 

v (BR)CBO 

l c =* lOpA, l E = 0 

... 

20 

60 

... 

20 

60 

... 

V 

... 

Collector-to-Substrete 
Breakdown Voltage 

v (BR)CIO 

l c - lOpA, l B « 0, l E = 0 


20 

60 

... 

20 

60 


V 


Emitter-to-Base Breakdown 
Voltage 

v (BR)EBO 

l E = lOpA, l c = 0 


5 

7 


5 

.. 7 _ j 

... 

v 


1 DYNAMIC I 

1 CHARACTERISTICS | 

1/f Noise Figure (For 

Single Transistor) 

NF 

f = lOOKHz.Rs = 500 n 

l c = 1 mA 

... 

... 

1.5 



1.5 


dB 

12 

Gain-Bandwidth Product 
(For Single Transistor) 

*T 

V CE = 6 V, l c = 5 mA 

... 

... 

1.35 



1.35 


GH Z 

11 

Collector-Base Capacitance 

c ca 

l c =0 V CB =* 5V 


::: 

0.28 

0.15 



0.28 

0.28 


PF 

pF 

8 

Collector-Substrate Capacitance 

LEci 

l c = 0 V C | = 5V 



1.65 



1.65 


PF 

8 

1 For Each Differential 1 

1 Amplifier | 

Common- Mode Rejection Ratio 

CMR 

I3 = I9 =• 2 mA 

... 

... 

100 



100 

... 

dB 

... 

AGC Range, One Stage 

AGC 

Bias Voltage = -6V 

2 

... 

75 



75 


dB 

... 

Voltage Gain, Single-Ended 
Output 

A 

Bias Voltage * -4.2V 
f - 10MHz 

2 

18 

22 


... 

22 

... 

dB 

9, 10 

Insertion Power Gain 

Go 

f - 200 MHz 
Vcc- 12V 

For Cascode 
Configuration 

I3 " I9 “ 2 mA 

For Diff. 
Amplifier 
Configuration 

1 3 “ Ig “ 4mA 
(each 
collector 
l C - 2mA) 

Cascode 

3 

... 

23 

... 

... 

23 


dB 

... 

Noise Figure 

NF 

Cascode 

3 

... 

4.6 



4.6 


dB 

... 

Input Admittance 

m 



... 


... 



9 


14, 16, 18 

BEBSffl 


... 






KlllS 




■ 

■ 


■1 

B 


■ 




... 

... 

0- j 0.013 

... 

... 





mi 



HH 

9991 


99 


9 


■sun 


... 

n 


... 

~ 

- 10.5 + j 13 

Si 


Output Admittance 

y 22 

Cascode 


... 



... 

- 0.503 -j 15 

... 


20, 22, 24 

Diff. Amp. 

... 

... 

0.071 + j 0.62 

... 

... 

0.071 + j 0.62 



21, 23, 25 


* Terminals 1 & 14 or 7 & 8. (CA3102) 1 & 12 or 6 & 7 (CA3049T) 

** Terminals 13 & 4, or 6 & 11. (CA3102) 10 & 11 or 4 & 5 (CA3049T) 


6 
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CA3049 , CA3102 



Fig. 1— Static characteristics test circuit for CA3102 



Fig.2-AGC range and voltage gain test circuit for CA3102 


[M(71] 



Li, L 2 — Approx. 1/2 Turn #18 Tinned Copper Wire, 5/8" Dia. 
c 1’ ^2 - 15 pF Variable Capacitors (Hammarlund, MAC-15; or 
Equivalent) 

All Capacitors injuF Unless Otherwise Indicated 
All Resistors in Ohms Unless Otherwise Indicated 


Fig.3—200 MHz cascode power gain and noise figure test circuit 


Typical Characteristics for CA3049T and CA3102 



Fig. 4— Input offset voltage vs. emitter current 
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EMITTER CURRENTdj , Ig)— mA 

Fig. 5-Input bias current vs. emitter current. 




Fig. 6-Base-to-emitter voltage vs. collector current. 


Fig. 7— Collector-cutoff current vs. temperature. 
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Typical Characteristics for CA3049T and CA3102 (cont'd) 





Fig. 8— Capacitance vs. dc bias voltage. 


Fig. 9— Voltage gain vs. dc bias voltage. 


Fig. 10— Voltage gain vs. frequency. 



Fig. 1 1 -Gain-bandwidth product vs. 
collector current. 



Fig. 12— 1/f noise figure vs. collector current. 



Fig. 13— 1/f noise figure vs. collector current. 



Typical Input Admittance Characteristics for CA3049T and CA3102 


s 

CASCODE AMPLIFIER 

COLLECTOR SUPPLY VOLTS (V cc )» 412 
EMITTER MILLIAMPERES <I 3 »I 9 )> 2 
AMBIENT TEMPERATURE (T A ) ■ 25*C 

7 

7 

_ 



o 



— 

7 

7 

z 



77 

7 

7 

7 



d 

* 



7 

7 

z 



77 

7 

7 

7 



T 

- 1.5 


— 

~ 

7 

z 



— 

\ 

7 

7 



15 = 

“ 



7 


- 



— 


7 

7 



UJ 

§ i 



z 

z 

i: 



— 

7 

V 

7 



10 < 

1 

— 

— 

7 

7 

7 



— 

7 

7 

7 



CL 

o 


— 

7 

7 

7 



— 

7 

7 

7 




H 05 


— 

7 

7 

7 



— 

7 

Z 

7 



5 H 

l 


— 

7 

h 

7 





7 

7 



1 

0 


= 

~ 

- 

n 


-- 

— 

= 

= 

= 



0 


FREQUENCY ( f ) — MH( 


INPUT CONDUCTANCE <g (| ) OR 
SUSCEPTANCE (b|i ) - MILLIMHOS 

DIFFERENTIAL AMPLIFIER 

COLLECTOR SUPPLY VOLTS (V c c 1 ■ *12 



7- 


7 

71 


AMBIENT 

TEb 

PEF 

ATU 

RE ( 

T a ) .25* 

c 

7 

71 



17 

7 

77 

7 


— 

7 

77 


— - 


7 

71 

71 



7 

7: 



77 

7 

71 

___ 


— 

7 

77 


— 

--- 

- 

-- 


" 

--- 

-- 

7 













_ 

t- 



— 

r~ 

— 

— 


— 

7 










Z_ 









77 





711 




1 1 I _Lb7 - 

/- 

7 

7 -'- 



= 

= 

=; 

17 



7 

71 


o 


ZZ 


3 

[± 

— =7ii 



5 



10 I0 2 K5 S 


FREQUENCY ( ( ) — MHi 



Fig. 14— Input admittance (Yjj) vs. frequency. Fig. 15-Input admittance (Yfj) vs. frequency. 


Fig. 16— Input admittance (Y j j) vs. 
collector supply voltage. 





Fig. 17— Input admittance (Yjj) vs. 
collector supply voltage. 


Fig. 18— Input admittance (Y i j) vs. 
emitter current. 


Fig. 19— Input admittance (Y i f) vs. 
emitter current. 
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Typical Output Admittance Characteristics for CA3049T and CA3102 


OUTPUT CONDUCTANCE <g 22 ) OR 
SUSCEPTANCE (b 22 ) - MILLIMHOS 

CASCOOE AMPLIFIER 

COLLECTOR SUPPLY VOLTS <V cc )=4l2 
EMITTER MILLIAMPERES (13=19)= 2 
AMBIENT TEMPERATURE ( T A ) = 25*C 























922 









b 22 N 

s 
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__ 


f~ 





V 




1 







H 



10 I0 Z I0 5 


FREQUENCY ( f ) — MHi 




Fig. 20— Output admittance (Y 22 ^ VSm frequency. Fig. 21— Output admittance (Y 22 ^ vs - frequency. 



Fig. 22— Output admittance (Y 22 J. vs - 
collector supply voltage. 


DIFFERENTIAL AMPLIFIER 
COLLECTOR SUPPLY VOLTS (V c c ) * *12 
OPERATING FREQUENCY I f ) a 200 MHz 
AMBIENT TEMPERATURE ( T A ) = 25°C 


tUi 

itfl 




EMITTER CURRENT (I 3 , 1 9 )- mA 


Fig. 23— Output admittance (Y 22 ) vs - 
collector supply voltage. 


Fig. 24— Output Admittance (Y 22 ) vs - 
emitter current. 


Fig. 25— Output admittance (Y 22 ) vs - 
emitter current. 


Typical Forward Transfer Characteristics for CA3049T and CA3102 



Fig. 26— Forward transfer admittance ( Y 21 ) 
vs. frequency. 


DIFFERENTIAL AMPLIFIER 
COLLECTOR SUPPLY VOLTS (V cc ) 
EMITTER MILLIAMPERES (I 3 =I 9 1 
AMBIENT TEMPERATURE ( T A ) ■ ! 
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CASCODE AMPLIFIER 

l9)=2 

200 MHz 







OPERATING FREQUENCY If? 
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COLLECTOR SUPPLY VOLTAGE (V cc 


Fig. 27-Forward transfer admittance ( Y 2 i ) Fig. 28-Forward transfer admittance (Y 2 j ) 

vs. frequency. vs. collector supply voltage. 



Fig. 29— Forward transfer admittance f Y 2 j ) 
vs. collector supply voltage. 
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" CASCODE AMPLIFIER 
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• COLLECTOR SUPPLY VOLTS IV CC > * 4-12 

OPERATING FREQUENCY (M = ZOOMHl 
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EMITTER CURRENT <I 3 ,I 9 )-mA 

Fig. 30— Forward transfer admittance (Y 2 j) 
vs. emitter current. 



Fig. 31— Forward transfer admittance (Y 21 ) 
vs. emitter current. 
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CA3054 


August 1991 


Transistor Array - Dual Independent Differential Amplifier 
For Low Power Applications from DC to 120MHz 


Features 

o Two Differential Amplifiers on a Common Substrate 
• Independently Accessible Inputs and Outputs 


• Maximum Input Offset Voltage ±5mV 

• Temperature Range 0°C to +85°C 

Applications 

° Dual Sense Amplifiers 

• Dual Schmitt Triggers 


® Multifunction Combinations - RF/Mixer/Oscillator; 
Converter/IF 

• IF Amplifiers (Differential and/or Cascode) 

• Product Detectors 

• Doubly Balanced Modulators and Demodulators 
° Balanced Quadrature Detectors 

• Cascade Limiters 

• Synchronous Detectors 


Description 

The CA3054 consists of two independent differential 
amplifiers with associated constant-current transistors on a 
common monolithic substrate. The six n-p-n transistors 
which comprise the amplifiers are general-purpose devices 
which exhibit low 1/f noise and a value of fj in excess of 
300MHz. These features make the CA3054 useful from DC 
to 120MHz. Bias and load resistors have been omitted to 
provide maximum application flexibility. 

The monolithic construction of the CA3054 provides close 
electrical and thermal matching of the amplifiers. This 
feature makes these devices particularly useful in dual- 
channel applications where matched performance of the 
two channels is required. 

The CA3054 is supplied in a 14-lead plastic dual-in-line 
package and a 14-lead small outline package (M suffix) 
with a limited temperature range. The availability of extra 
terminals allows the introduction of an independent 
substrate connection for maximum flexibility. 


• Pairs of Balanced Mixers 

• Synthesizer Mixers 

• Balanced (Push-Pull) Cascode Amplifiers 


Pinout 

CA3054, CA3054M 
TOP VIEW 



Schematic Diagram 



FIGURE 1. 


CAUTION: Substrate MUST be maintained negative with respect to all collector terminals of this device. See Maximum Voltage Ratings chart. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 


File Number 338.1 
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MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES, AT Ta = 25<>C 


POWER DISSIPATION, P: 

CA3054 


Any one transistor 

300 

mW 

Total package 

750 

mW 

ForT A >550C 

TEMPERATURE RANGE: 

6.67 

mW/oc 

Operating 

0 to +85 

°C 

Storage 

-65 to +150 

OC 


The following ratings apply for each transistor in the device: 


COLLECTOR-TO-EMITTER VOLTAGE, V CE0 ... 1 5 V 

COLLECTOR-TO-BASE VOLTAGE, V CBO 20 V 

COLLECTOR-TO-SUBSTRATE VOLTAGE, Vcio* 20 V 

EMITTER-TO-BASE VOLTAGE, V EB 0 5 v 

COLLECTOR CURRENT, lc 50 mA 


LEAD TEMPERATURE (During Soldering) 

At distance 1/16 ±1/32 inch (1 .59 ±0.79 mm) from case for 1 0 seconds max +265°C 


*The collector of each transistor of the CA3054 is isolated from the substrate by an 
integral diode. The substrate must be connected to a voltage which is more 
negative than any collector voltage in order to maintain isolation between 


transistors and provide for normal transistor action. The substrate should be 
maintained at signal (AC) ground by means of a suitable grounding capacitor, to 
avoid undesired coupling between transistors. 


Maximum Voltage Ratings 


The following chart gives the range of voltages which can be applied to the terminals listed vertically with 
respect to the terminals listed horizontally. For example, the voltage range between vertical terminal 2 and 

horizontal terminal 4 is +1 5 to -5 volts. Maximum Current Ratings 


CA3054 

Terminal 

No.* 

!|N 

mA 

>OUT 

mA 

13 

5 

0.1 

14 

50 

0.1 

1 

50 

0.1 

2 

5 

0.1 

3 

5 

0.1 

4 

0.1 

50 

6 

5 

0.1 

7 

50 

0.1 

8 

50 

0.1 

9 

5 

0.1 

11 

5 

0.1 

12 

0.1 

50 


• Terminal No. 10 of CA3054 is not 


CA3054 -* 
Terminal No. 

\ 

13 

14 

■ 


3 

D 

6 

■ 

8 

9 

ii 

12 

5 

13 


0 

mm 

m 

mm 

+15 

mm 

B 

mm 

B 

* 

★ 

* 



-20 

u 1 

B 

B 

-5 

B 

B 

B 

B 




14 



mm 

B 

mm 

+20 

B 

B 

mm 

H 

* 

* 

+20 






B 

0 

B 

B 

B 

B 



0 

1 




+20 

* 

+20 

mm 

mm 

B 

B 

* 

★ 

+20 





0 


0 

B 

B 

B 

B 



0 

2 





* 

+15 

B 

mm 

B 

B 

* 

* 

* 







-5 

B 

u 

B 

■ 




3 






B 

* 

* 

* 

* 


* 

* 







B 








4 







* 

* 

* 

* 

* 

* 

* 

6 








0 

mm 

B 

* 

HH 

★ 









-20 

B 

B 


H 


7 









* 

★ 

* 

★ 

+20 














0 

8 










1KKB 

B 

* 

+20 





' 






n 

B 


0 

9 











* 

+15 

★ 













-5 


11 




: 








m 

* 













9 


12 













* 

5 













Ref 














Sub- 














strate 


*Voltages are not normally applied between these terminals. Voltages appearing between these terminals will be safe if the 
specified limits between all other terminals are not exceeded. 
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CA3054 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

TEST 

CIR- 

CUIT 

CA3054 

LIMITS 

UNITS 

TYPICAL 

CHARAC- 

TERISTICS 

CURVES 

FIG. 

MIN. 

TYP. 

MAX. 

FIG. 

STATIC CHARACTERISTICS | 

For Each Differential Amplifier 









Input Offset Voltage 

V IO 

V CB =3V 

I E(Q3) =I E{Q4) =2 mA 



- 


0.45 

5 

mV 

6 

Input Offset Current 

'10 

- 


0.3 

2 

ma 

7 

Input Bias Current 

'I 

- 


10 

24 

juA 

3 

Quiescent Operating 

Current Ratio 

'C(Qi) 'CtQs) 
'C(«2) '0(06) 


* 

0.98 to 

1.02 


- 

3 

Temperature Coefficient 

Magnitude of Input-Offset Voltage 

l Av iol 

AT 



1.1 


mV/°c 

5 

For Each Transistor | 

DC Forward Base-to- 
Emitter Voltage 

V BE 

I l c =50 / ,A 

Vpn =3 V . 1 mA 

] 3 mA 

( 10 mA 

- 


0.630 

0.715 

0.750 

0.800 

0.700 

0.800 

0.850 

0.900 

V 

6 

Temperature Coefficient of Base- 
to-Emitter Voltage 

aV BE 

AT 

V CB =3 V< 'C =1 mA 



-1.9 


MV/°C 

4 

Collector-Cutoff Current 

1 CBO 

V CB = 10 V. I E =0 

- 


0.002 

100 

nA 

2 

Col lector-to-Emi tter 

Breakdown Voltage 

V (BR)CEO 

Iq = 1 mA, 1 g = 0 

- 

15 

24 


V 

- 

Collector-to-Base 

Breakdown Voltage 

V (BR)CBO 

l c = 10/iA, l E = 0 

- 

20 

60 


V 


Col lector-to-Substrate 

Breakdown Voltage 

V ( BR)C10 

l c = 10/iA, \ q \ = 0 

- 

20 

60 


V 

- 

Emitter-to-Base Breakdown Voltage 

V (BR)EBO 

l E = 10/iA, Iq = 0 


5 

7 


V 


| DYNAMIC CHARACTERISTICS | 

Common-Mode Rejection Ratio 

For Each Amplifier 

CMR 

V CC =12V 

V EE =*6 V 

V x =-3.3 V 
f =1 kHz 

8a 


100 


dB 

8b 

AGC Range, One Stage 

AGC 

9a 


75 


dB 

9b 

Voltage Gain, Single Stage 
Double-Ended Output 

A 

9a 


32 


dB 

9b 

AGC Range, Two Stage 

AGC 

10a 

. 

105 


dB 

10b 

Voltage Gain, Two Stage 
Double-Ended Output 

A 

10a 


60 


dB 

10b 

Low-Frequency, Small-Signal 
Equivalent-Circuit Characteristics: 
(For Single Transistor) 









Forward Current-Transfer Ratio 

fye 


- 

- 

110 



11 

Short-Circuit Input Impedance 

h ie 

- 


3.5 



11 

Open-Circuit Output Impedance 

^oe 

f =1 kHz, V CE =3 V, 

- 


15.6 


/zmho 

11 

Open-Circuit Reverse Voltage- 
Transfer Ratio 

h re 

l E = 1 mA 

- 


1.8xl0' 4 



11 



CA3054 


DYNAMIC CHARACTERISTICS CONT'D. 


1/f Noise Figure 
(For Single Transistor) 


Gain-Bandwidth Product 
(For Single Transistor) 


Admittance Characteristics; 
Differential Circuit Configuration: 
(For Each Amplifier) 


Forward Transfer Admittance 


Input Admittance 


Output Admittance 


Reverse Transfer Admittance 


Admittance Characteristics; 
Cascode Circuit Configuration: 
(For Each Amplifier) 


Forward Transfer Admittance 


Input Admittance 


Output Admittance 


Reverse Transfer Admittance 


Noise Figure 


f = 1 kHz, V CE = 3 V 


V CE = 3 V, >c = 3 mA 


V CB = 3 V 
Each Collector 
Iq^ 1.25 mA 
f = 1 MHz 


VcB = 3 V 
Total Stage 
Iq £ 2.5 mA 
f = 1 MHz 


f = 100 MHz 


Hi 

Bi 

-20+j0 

HBj 

mmho 

13a 

- 

- 

0.22+j0.1 

- 

mmho 

13b 

- 

- 

0.01+j0 

- 

mmho 

13c 

m 

Hi 

-0.003 +j0 

Hi 

mmho 

13d 


68-jO 


0.55+j0 


0+j0.02 


0.004-]0.005 


r/i| 




AMBIENT TEMPERATURE (Ta) = 25°C 




























































CA3054 


TYPICAL STATIC CHARACTERISTICS 




Fig. 4 - Base-io-emitler voltage characteristic for each Fig. 5 - Offset voltage characteristic vs ambient temper- 
transistor vs ambient temperature. ature for differential pairs. 


* For CA3054: use data from 0°C to 85°C only 
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COLLECTOR MILLIAMPERES (I C > 


Fig. 6 - Static base-to-emitter voltage characteristic and 
input offset voltage for differential pairs vs emitter 
current. 


Fig. 7 - Input offset current for matched differential 
pairs vs collector current. 


TYPICAL DYNAMIC CHARACTERISTICS 


COMMON MODE REJECTION RATIO 


V X V CC = + 12V 




(b) Characteristic 
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TYPICAL DYNAMIC CHARACTERISTICS (cont'd) 


SINGLE-STAGE VOLTAGE GAIN 


v x v cc= +12V 



(a) Test setup 


GO 

T> 
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il 

il 
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DC BIAS VOLT ON TERMINAL (vj) (Vx) 

Fig. 9 (b) Characteristic 


TWO-STAGE VOLTAGE GAIN 


V CC = 4- 12V 
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DC BIAS VOLTS ON TERMINALS@AND (fi) (Vx) 


(a) Test setup 


Fig. JO 


(b) Characteristic 


TYPICAL DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 1 



input impedance (hj e ), open-circuit output impedance 
(h oe ), and open-circuit reverse voltage-transfer ratio 
(h re ) vs collector current for each transistor. 


COLLECTOR-TO-BASE V 

AMBIENT TEMPERATURE 

glim 







I 


1 400 !^H::H 


cd 200 :fMak 

■4:i|jp!l||M 
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lp ' M 1 m Hi ill 




0 123456789 10 

COLLECTOR MILLIAMPERES (Ic) 

Fig.J2 - Gain-bandwidth product (fj) vs collector 
current . 
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TYPICAL DYNAMIC CHARACTERISTICS FOR EACH DIFFERENTIAL AMPLIFIER 
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Fig. 13(a) - Forward transfer admittance (Y 2 j)vs frequency. 


Fig. 13(b) - Input admittance (Yjj). 
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Fig. J 3(c) - Output admittance (Y 22 ) vs frequency. 


Fig. 1 3(d) - Reverse transfer admittance (Y ] 2 ) vs frequency. 


TYPICAL DYNAMIC CHARACTERISTICS FOR EACH CASCODE AMPLIFIER 



Fig. 14(a) - Forward transfer admittance (Y 21 ) vs frequency. 



Fig. 14(b) - Input admittance (Y ] ]) vs frequency. 
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TYPICAL CHARACTERISTICS FOR EACH CASCODE AMPLIFIER (cont'd) 
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CASCODE CONFIGURATION 

COLLECTOR -TO- BASE VOLTS <V CB ) = 3 

STAGE COLLECTOR CURRENT (I c )tt2. 5 mA 

AMBIENT TEMPERATURE (T A ) = 25°C 
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Fig. 14(c) - Output admittance (Y 22) ys frequency. 



Fig. 14(d) - Reverse transfer admittance (Y J 2 ) vs frequency. 
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Selection Guide 


TRANSISTOR ARRAYS 

Electrical Characteristics at Ta = 25°C 


Type 

Description 

V(BR) 

CEO 
(Min.) V 

V(BR) 
CBO 
(Min.) V 

hFE 

(Min.) 

*C 

(Max.) 

mA 

Pin Count 
& Package 
Type* 

CA3018 

Two Isolated Transistors plus a Darlington Pair 

15 

20 

30 

50 

12T 

CA3018A 


15 

30 

60 

50 




hpE matched ± 1 0%. Vbe matched ±2mV and ±5mV max. 
Operation from DC to 1 20MHz. 


CA3045 

Three Transistors plus a Differential Pair 

15 

20 

40 

50 

14D.14F 

CA3046 


15 

20 

40 

50 

14E.14M 



^ > 300MHz. 2 matched pairs ±5mV 


CA3081 

General-Purpose n-p-n High-Current Transistors 

16 

20 

40 

100 




Seven Common-Emitter 


CA3082 


16 

20 

40 

100 

16E, 16F 



Seven Common-Collector 

16M 

CA3083 


15 

20 

40 

100 

16E.16F, 



Five independent transistors. 

Ql and Q 2 matched: I|q (at 1mA)2.5pA maximum. 

16M 

CA3086 

Three Isolated Transistors plus a Differential Pair 

15 

20 

40 

50 

14E.14F, 



f-p > 550MHz typ. Operation from DC to 1 20MHz 

14M 

CA3127 

Five Independent Transistors 

15 

20 

40 

20 

16E.16F, 



fj > 1 GHz. Operation from DC to 500MHz. 

16M 

CA3146 

Three Transistors plus a Differential Pair 

30 

40 

30 

50 

14E, 14M 

CA3146A 


40 

50 

30 

50 




fy > 500MHz typ. Operation from DC to 1 20MHz. 


CA3183 

Five High-Current Transistors 

30 

40 

40 

75 

16E, 16M 

CA3183A 


40 

50 

40 

75 




High-voltage versions of CA3083 Transistors 

Ql and Qg matched at 1 mA. 


CA3227 

Five Independent Transistors 

8 

12 

40 

20 

16E.16M 



fy- = 3GHz typ. Operation from DC to 1 .5GHz. 


CA3246 

Three Independent Transistors plus a Differential Pair 

8 

12 

40 

20 

14E, 14M 



fj = 3GHz typ. Operation from DC to 1.5GHZ. 



* See Packaging and Ordering Information in Section 1 2. 


7-2 













































































































Selection Guide 


TRANSISTOR ARRAYS (Continued) 
Electrical Characteristics at Ta = 25°C 


Type 

Description 

V(BR) 

CEO 
(Min.) V 
n-p-n/p-n-p 

V(BR) 
CBO 
(Min.) V 
n-p-n/p-n-p 

hFE 

(Min..) 

n-p-n/p-n-p 

'c 

(Max.) 

n-p-n/p-n-p 

Pin Count 
and 

Package 

Type* 

CA3096 

Five Independent Transistors, 3 n-p-n, 2 p-n-p 

35/-40 

45/-40 

1 50/20 

50/- 1 0 

16E.16M 

CA3096A 

35/-40 

45/-40 

1 50/20 

50/- 1 0 

CA3096C 

24/- 24 

30/-24 




n-p-n 

p-n-p 

|V|q| = 5mV max. 

5mV max. 

1 l|o 1 = 0.6 jjA max. 

0.25 pA max. 


DIODE ARRAYS 

Electrical Characteristics at Ta = 25°C. Apply for each Diode 


Type 

Description 

V (BR) R 
(Min.) V 

•r 

(Max.) pA 

C D 

(Typ.) pF 

V F1 “V F2 
(Max.) mV 

Pin Count 
& Package 
Type* 


6 Individual 

5 

0.1 

0.65 

5 (l F = 1 mA) 

12T, 14M 

• Ultra-fast low-capacitance matched diodes 

CA3141 

1 0 High Reverse Breakdown Voltage Diodes 0 ° 

30 

0.1 

0.3 

0.55 (typ. 
ea. diode pr.) 

16E 

• Low-noise performance 

• Low-leakage current 


° n Six connected to form 3 common-cathode diode pairs. 

Four connected to form 2 common-anode diode pairs. 
* See Packaging and Ordering Information in Section 1 2. 
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HARRIS 


August 1991 


CA3018 

CA3018A 

General-Purpose Transistor Arrays Range 


Features 

• Matched Monolithic General Purpose Transistors 


• Hfe Matched ±10% 

• Vbe Matched CA3018A ±2mV 

CA3018 ±5mV 


• Operation From DC to 120MHz 

• Wide Operating Current Range 

• CA3018A Performance Characteristics Controlled 
from 10pA to 10mA 

• Low Noise Figure 3.2dB Typical at IKHz 

• Full Military Temperature Range . . . -550C to +1 25°C 

Applications 

• Two Isolated Transistors and a Darlington-Con- 
nected Transistor Pair for Low-Power Applications at 
Frequencies from DC Through the VHF Range 

• Custom Designed Differential Amplifiers 

• Temperature Compensated Amplifiers 

• See Application Note, ICAN-5296 “Application of the 
CA3018 Integrated-Circuit Transistor Array” for 
Suggested Applications 


Description 

The CA3018 and CA301 8A consist of four general purpose 
silicon n-p-n transistors on a common monolithic sub- 
strate. 

Two of the four transistors are connected in the Darlington 
configuration. The substrate is connected to a separate 
terminal for maximum flexibility. 

The transistors of the CA3018 and the CA3018A are well 
suited to a wide variety of applications in low-power sys- 
tems in the DC through VHF range. They may be used as 
discrete transistors in conventional circuits but in addition 
they provide the advantages of close electrical and thermal 
matching inherent in integrated circuit construction. 

The CA3018A is similar to the CA3018 but features tighter 
control of current gain, leakage, and offset parameters 
making it suitable for more critical applications requiring 
premium performance. 

Both devices are supplied in a 12-lead TO-5 style can 
package (T suffix). 


Pinout 

CA3018T, CA3018AT 
12 LEAD METAL CAN 
TOP VIEW 



Schematic 



FIGURE 1. SCHEMATIC FOR CA3018 AND CA3018A 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 338.1 
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CA3018, CA3018A 


Maximum Ratings, Absolute-Maximum Values, at TA-25°C 


Power Dissipation, P: 

Any one transistor 

Total package 

Derate at 5 mW/°C for T A > 85°C 
Temperature Range: 

Operating 

Storage 


CA3018 CA3018A 

300 300 mW 

450 450 mW 

-55 to + 125 -55 to + 125°C 

-65 to + 150 -65 to + 150°C 


The following ratings apply for each transistor in the device: 



CA3018 

CA3018A 


Collector-to-Emitter Voltage, V^^q 

• 15 

15 

V 

Collector-to-Base Voltage, V^,_q . 

. 20 

30 

V 

Collector-to-Substrate Voltage, V CIO * 20 

40 

V 

Emitter-to-Base Voltage, . . 

5 

5 

V 

Collector Current, 1^, 

. 50 

50 

mA 


*The collector of each transistor of the CA3018 and CA3018A 
is isolated from the substrate by an integral diode. The 
substrate (terminal 10) must be connected to the most neg- 
ative point in the external circuit to maintain isolation be- 
tween transistors and to provide for normal transistor action. 


LhAD TEMPERATURE (During Soldering) 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max +265°C 


Characteristics apply for each transistor in the CA3018 and CA3018A as specified. 


ELECTRICAL 
CHARACTERISTICS 
at T a = 25°C 

SYMBOLS 

SPECIAL TEST CONDITIONS 

CA3018 

LIMITS 

CA3018A 

LIMITS 

Units 

CHARAC- 

TERISTICS 

CURVES 

Mm. ( Typ. | Max. 

Min. | Typ. | Max. 

Liil 

STATIC CHARACTERISTICS | 

Collector-Cutoff Current 

'CBO 

V CB =10V,I E =0 

- 

0.002 

100 

- 

0.002 

40 

nA 

2 

Collector-Cutoff Current 

'CEO 

V CE= 10V.I B =0 

- 

See Curve 

5 

- 

See Curve 

0.5 

mA 

3 

Collector-Cutoff Current 

Darlington Pair 

'CEOD 

v CE = i°v,i B =o 

- 


- 

- 

- 

5 

ma 

- 

Collector-to-Emitter 

Breakdown Voltage 

V (BR)CE0 

Iq= lmA.Ig-O 

15 

24 

- 

15 

24 

- 

V 


Collector-to-Base 

Breakdown Voltage 

V (BR)CB0 

l c =10^A,l E =0 

20 

60 

- 

30 

60 

- 

V 

- 

Emitter-to-Base 

Breakdown Voltage 

V (BR)EB0 

I e = 1M,I c =0 

5 

1 

- 

5 

7 

- 

V 

- 

Collector-to-Substrate 

Breakdown Voltage 

V (BR)CI0 

Iq=U^A,Iq|=0 

20 

60 

- 

40 

60 

- 

V 

- 

Collector-to-Emitter 

Saturation Voltage 

V CES 

l B = 1mA, I q= 10mA 

- 

0.23 

~ 


0.23 

0.5 

V 

- 

Static Forward Current 

Transfer Ratio (Note 1) 


( l c =10mA 

V CE = 3 V, l l c , 1mA 
( I c =1QuA 

30 

100 

100 

54 

200 

50 

60 

30 

100 

100 

54 

200 

_ 

4 

Magnitude of Static-Beta Ratio 
(Isolated Transistors Qj and Q 2 ) 


v CE =3V ' l Cr l C2 =lmA 

0.9 

0.97 

- 

0.9 

0.97 

- 

- 

4 

Static Forward Current Transfer 
Ratio Darlington Pair 

(Q 3 &Q 4 ) 

h FED 

Vnp=3V / ! C = lmA 

CE l l C = lOQctA 

1500 

5400 

-- 

2000 

1000 

5400 

2800 

: 

- 

5 

Base-to-Emitter Voltage 

V BE 

Vp P =3V ’e 2 ^ 

CE I e =10dA 

- 

0.715 

0.800 

- 

0.600 

0.715 

0.800 

0.800 

0.900 

V 

. . j 

6 

Input Offset Voltage 

V BE 1 
* v be 2 

v CE =3V ' l E slmA 

- 

0.48 

5 

- 

0.48 

2 

mV 

6,8 

Temperature Coefficient: 
Base-to-Emitter Voltage 

Ql.Q2 

I av beI 

at 

v CE =3V ' l E =lmA 

- 

•1.9 


- 

-1.9 

- 

mV/ 

°C 

7 

Base (Q^Ho-Emitter (Q 4 ) 
Voltage-Dailington Pair 

V BED 

(V 9 - 1 ) 

V C e= 3V !e =1 ^ a 
l E = 1mA 

- 

1.46 

1.32 

- 

1.10 1 

1.46 

1.32 

1.60 

1.50 

V 

9 

Temperature Coefficient: 
Base-to-Emitter Voltage 

Darlington Pair-Q 3 ,Q 4 

I av bedI 

AT 

V CE =3V,l E =lmA 

- 

4.4 

- 

- 

4.4 

- 

mV/ 

°C 

10 

Temperature Coefficient: 

Magnitude of Input-Offset Voltage 

IVSl 

V C c=+6V i V E e=-6V > 

ICi=IC2 =lrnA 

- 

10 

- 

- 

10 

- 


- 

AT 
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CA3018, CA3018A 


ELECTRICAL CHARACTERISTICS, (CONT’D) 


DYNAMIC CHARACTERISTICS 

Low Frequency Noise Figure 

NF 

f=l KHz,V CE =3V,Ic= 10M 
Source resistance=lKft 

- 

3.25 

- 

- 

3.25 

- 

dB 

11(b) 

Low-Frequency .Small-Signal 
Equivalent-Circuit 
Characteristics: 











Forward Current-Transfer Ratio 

h fe 



- 

110 

- 

- 

110 

- 

- 

12 

Short-Circuit Input Impedance 

hie 



- 

3.5 

- 

- 

3.5 

- 


12 

Open-Circuit Output Impedance 

h oe 

f=lkHz,V CE =3\ 

f,lQ=lmA 


15.6 

- 

- 

15.6 

- 

/imho 

12 

Open-Circuit Reverse 
Voltage-Transfer Ratio 

h re 



- 

1.8x10*4 

- 

- 

1.8x10-4 

- 

- 

12 

Admittance Characteristics: 











Forward Transfer Admittance 

Yfe 



- 

3 1-j 1 .5 

- 

- 

3 1-j 1.5 

- 

mmho 

13 

Input Admittance 

Yje 

f=lMHz,V CE =' 

V,l c =lmA 

- 

0.3+j0.04 

- 

- 

0.3+j0.04 

- 

mmho 

14 

Output Admittance 

^oe 

- 

0.001+i0.03 

- 

- 

0.001+j0.03 

- 

mmho 

15 

Reverse Transfer Admittance 

Yre 



See Curve 

See Curve 

mmho 

16 

Gain-Bandwidth FToduct 

f T 

v CE =3V ' l C =3mA 

300 

500 

- 

300 

500 

- 

MHz 

17 

Emitter-to-Base Capacitance 

C EB 

V EB =3V,I E =0 

- 

0.6 

- 

- 

0.6 

- 

PF 

- 

Collector-to-Base Capacitance 

C CB 

v CB =3V ' , C =0 

- 

0.58 

- 

- 

0.58 

- 

pF 

- 

Col lector-to-Substrate Capacitance 

C CI 

V C |= 3 V,I C =0 

- 

2.8 

- 

- 

2.8 

- 

PF 

- 


NOTES: 

1. Actual forcing current is via the emitter for this test 


STATIC CHARACTERISTICS 



Fig. 2 - Typical Collector-To-Base Cutoff Current vs 
Ambient Temperature for Each Transistor. 



Fig. 3 - Typical Collector-To-Emmiter Cutoff Current vs 
Ambient Temperature for Each Transistor. 
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CA3018, CA3018A 



Fig.4 - Typical Static Forward Current-Transfer 
Ratio and Beta Ratio for Transistors Q, 
and Q 2 vs Emitter Current. 
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AMBIENT TEMPERATURE (T/\) — °C 

Fig. 8 ■ Typical Offset Voltage Characteristic vs 
Ambient Temperature 



Fig. 5 - Typical Static Forward Current - Transfer Ratio 
for Darlington-connected Transisters Qj 
and Qj vs Emitter Current. 



Fig.7 - Typical Base-To-Emitter Voltage Characteristic 
for Each Transistor vs Ambient Temperature 



Fig. 9 - Typical Static Input Voltage Characteristic for 
Darlington Pair (Qj and Qj)vs 
Emitter Current 
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CA3018, CA3018A 



AMBIENT TEMPERATURE (T A ) — °C 


Fig.10- Typical Static Input Voltage Characteristic for 
Darlington Pair (Qj and Q^) vs 
Ambient Temperature. 


TYPICAL DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 



Fig.U(a) - Noise Figure vs Collector Current y 

R s = 500 a 



Fig.H(c) - Noise Figure vs Collector Current, 
R 5= JO K a 




Fig.J2 - Forward Current-Transfer Ratio (h{ e )/ Short- 
Circuit Input Impedance (hj Q ), Open-Circuit 
Output Impedance (h Qe ), and Open-Circuit 
Reverse Voltage-Transfer Ratio (h re ) 
vs Collector Current 
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CA3018, CA3018A 


TYPICAL DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 


COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE (Ta)=25°C 
COLLECTOR-TO-EMITTER V0LTS(Vce)=3 
COLLECTOR MILLIAMPERES (I C )-I 
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I 10 

FREQUENCY (f) — MHz 



I 10 

FREQUENCY (f)-MHz 



I 10 

FREQUENCY (f) — MHz 


Fig.14 - Input Admittance (Y j e ) 


COMMON-EMITTER CIRCUIT.BASE INPUT. 
AMBIENT TEMPERATURE (Ta)=25°C 
COLLECTOR-TO-EMITTER VOLTS (Vce)=3 
COLLECTOR MILLIAMPERES (Ic)=l 
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Fig. lb - Output Admittance ( Y Qe ) 


Fig. 16 - Reverse Transfer Admittance ( Y re ) 



COLLECTOR MILLIAMPERES (Ic) 


Fig. 17 - Typical Gain-Bandwidth Product (fj) vs 
Collector Current 
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CA3039 



August 1991 


Diode Array 


Features 

• Six Matched Diodes on a Common Substrate 

• Excellent Reverse Recovery Time InsTypical 

• Matched Monolithic Construction - Vp Matched 
Within 5mV 

• Low Diode Capacitance - Cq = 0.65pF Typical at 
Vr = -2V 

Applications 

• Ultra-Fast Low-Capacitance Matched Diodes for 
Applications in Communications and Switching 
Systems 

• Balanced Modulators or Demodulators 

• Ring Modulators 

• High Speed Diode Gates 

• Analog Switches 


Description 

The CA3039 consists of six ultra-fast, low capacitance 
diodes on a common monolithic substrate. Integrated 
circuit construction assures excellent static and dynamic 
matching of the diodes, making the array extremely useful 
for a wide variety of applications in communication and 
switching systems. 

Five of the diodes are independently accessible, the sixth 
shares a common terminal with the substrate. 

For applications such as balanced modulators or ring 
modulators where capacitive balance is important, the 
substrate should be returned to a DC potential which is 
significantly more negative (with respect to the active 
diodes) than the peak signal applied. 

The CA3039 is available in a 12-lead TO-5 style can 
package and in a 14-lead Small Outline package (M suffix). 


Pinouts 


CA3039M 

14 LEAD SMALL OUTLINE 
TOP VIEW 



TOP VIEW 



Schematic 




FIGURE 1. SCHEMATIC DIAGRAM FOR CA3039 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 343.1 
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CA3039 


ABSOLUTE MAXIMUM RATINGS at T A = 25 °C 


Dissipation: 


Peak Inverse Voltage, PIV for: Df-Dg. . . 

Dr 


5 V 

0.5 V 

Any one diode unit. . . 

Total for device .... 
For T A > 55 °C 

100 mW 

600 mW 

. . derate linearly 5.7 mW/°C 

Peak Diode-to-Substrate Voltage, Vj)j 
for Df-Dg (term. 1,4, 5,8 or 12 to term. 10) 

+ 20, 

-IV 

Temperature Range: 


DC Forward Current, Ip 

25 

mA 

Operating 

-55 to +125 °C 

Peak Recurrent Forward Current, If 

100 

mA 

Storage 

-65 to +150°C 

Peak Forward Surge Current, If (surge) . . . 

100 

mA 


LEAD TEMPERATURE (During Soldering) 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) 

from case for 10 seconds max + 265 °C 


ELECTRICAL CHARACTERISTICS, at T A = 25° C 
Characteristics apply for each diode unit, unless otherwise specified. 


CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 

LIMITS 

UNITS 

CHARAC- 

TERISTIC 

CURVES 

MIIM 

KB 

■MB 

FIG. 

DC Forward Voltage Drop 

VF 

Ip = 50 /xA 

- 

0.65 

0.69 

n 

2 

1 mA 

- 

0.73 

lilEil 

mm 

3 mA 

- 

0.76 


wm 

10 mA 

- 

0.81 

mu 

mm 

DC Reverse Breakdown Voltage 

V (BR)R 

Ir=-10/xA 

5 

7 

- 


- 

DC Reverse Breakdown Voltage 

Between any Diode Unit and Substrate 

V (BR)R 

Ir = -10 /xA 

20 

- 

fl 

m 

- 

DC Reverse (Leakage) Current 

! R 

Vr = -4 V 

- 

0.016 

100 

B 

3 

DC Reverse (Leakage) Current 

Between any Diode Unit and Substrate 

•r 

Vr = -10 V 

- 

0.022 

100 

nA 

4 

Magnitude of Diode Offset Voltage 
(Difference in DC Forward Voltage 

Drops of any Two Diode Units) 

HB 

Ip = 1 mA 

■ 

0.5 

5 

Q 

2 

Temperature Coefficient of |Vp ^ - Vp^ | 

A| v f,- v f 2 | 

AT 

Ip = 1mA 

■ 

1 

■ 


5 

Temperature Coefficient of Forward Drop 

AVp 

AT 

BOH 


-1.9 


mV/°C 

6 

DC Forward Voltage Drop for 

Anode*to- Substrate Diode (D$) 

Vf 

l F = 1 mA 

■ 


B 

B 

- 

Reverse Recovery Time 

•rr 

Ip = 10 mA, Ir = 10 mA 

- 

1 

- 

ns 

- 

Diode Resistance 

Rd 

f = 1 kHz, l F = 1 mA 

25 

30 

45 

n 

7 

Diode Capacitance 

C D 

Vr = -2 V, Ip = 0 

- 

0.65 

- 

PF 

8 

Di ode-to-Substrate Capacitance 

C DI 

V D1 = +4 V, Ip = 0 

- 

3.2 

- 

PF 

9 
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CA3039 


TYPICAL CHARACTERISTICS 


AMBIENT TEMPERATURE (T A )=25° 
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Fig • 8 - Diode capacitance (diodes 7 ,2,3, 4,5) vs 
reverse voltage 
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Fig. 9 - Diode-to-substrate capacitance vs 
reverse voltage 
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August 1991 


CA3045 

CA3046 

General Purpose N-P-N 
Transistor Arrays 


Features 

• Two Matched Transistors: Vbe Matched ±5mV; 
Input Offset Current 2 jjA Max at Iq = 1mA 

• 5 General Purpose Monolithic Transistors 

• Operation From DC to 120MHz 

• Wide Operating Current Range 

• Low Noise Figure 3.2dB Typical at IKHz 

• Full Military Temperature Range . . . -550C to +1 25°C 

Applications 

° Three Isolated Transistors and One Differentially 
Connected Transistor Pair for Low-Power Applica- 
tions at Frequencies from DC through the VHF Range 

• Custom Designed Differential Amplifiers 

• Temperature compensated amplifiers 

• See Application Note, ICAN-5296 “Application of the 
CA3018 Integrated-Circuit Transistor Array” for 
Suggested Applications 


Description 

The CA3045 and CA3046 each consist of five general 
purpose silicon n-p-n transistors on a common monolithic 
substrate. Two of the transistors are internally connected to 
form a differentially-connected pair. 

The transistors of the CA3045 and CA3046 are well suited 
to a wide variety of applications in low power systems in the 
DC through VHF range. They may be used as discrete 
transistors in conventional circuits. However, in addition, 
they provide the very significant inherent integrated circuit 
advantages of close electrical and thermal matching. 

The CA3045 is supplied in a 14-lead dual-in-line hermetic 
(welded-seal) ceramic package and the CA3045F in a 14- 
lead dual-in-line hermetic (frit-seal) ceramic package. 

The CA3046 is electrically identical to the CA3045 but is 
supplied in a 14-lead dual-in-line plastic package (no 
suffix) and in 14-lead Small Outline package (M suffix). 


Packaging Information 


PACKAGE 

SUFFIX 

CA3045 

CA3046 

1 4-Lead Dual-ln-Line Plastic 

None 


v/ 

1 4-Lead Dual-ln-Line Ceramic 

None 

v/ 


1 4-Lead Dual-ln-Line Frit-Seal 
Ceramic 

F 

v/ 


Chip 

H 


v/ 

14-Lead Small Outline 

M 


v/ 


Pinout 

CA3045, CA3046 
14 PIN PACKAGES 
TOP VIEW 



SUBSTRATE 


Schematic Diagram 



FIGURE 1. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 341.1 
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CA3045, CA3046 


ABSOLUTE MAXIMUM RATINGS AT T A = 25°C 

CA3045 

CA3046, CA3045F 


Power Dissipation: 

T A up to 55°C 

Each 

Transistor 

Total 

Package 

Each Total 

Transistor Package 

300 750 

mW 

T A > 55°C 

- 

Derate at 6.67 

mW/°C 

T A up to 75°C 

300 

750 

- 

mW 

T a > 75°C 

Derate at 8 

- 

mW/°C 

Collector-to-Emitter Voltage, Vq E q 

15 

15 

V 

Collector-to-Base Voltage, Vqqq 

20 

20 

V 

Collector-to-Substrate Voltage, Vqiq 

20 

20 

V 

Emitter-to-Base Voltage, V EB q 

5 

5 

V 

Collector Current 

50 

50 

mA 

Temperature Range: 

Operating 

-55 to +125 

-55 to +125 

°C 

Storage 

—65 to +150 

—65 to +150 

°C 

Lead Temperature (During Soldering): 

At distance 1/16 ±1/32" (1.59 ±0.79 mm) 
from case for 10 seconds max 

+265 

+265 

°C 


* The collector of each transistor of the CA3045 and to the most negative point in the external circuit to 

CA3046 is isolated from the substrate by an integral maintain isolation between transistors and to provide 

diode. The substrate (terminal 13) must be connected for normal transistor action. 


ELECTRICAL CHARACTERISTICS, at T A = 25°C 

Characteristics apply for each transistor in the CA3045 and CA3046 asspecified. 





LIMITS 


CHARAC- 

CHARACTERISTICS 

SYMBOLS 

SPECIAL TEST CONDITIONS 


Type CA3045 


UNITS 

TERISTIC 





Type CA3046 



CURVES 




MIN. 

TYP. 

MAX. 


FIG. 

STATIC CHARACTERISTICS | 

Collector-to-Base Breakdown Voltage 

V (BR)CR0 

Iq = 10/iA, l E = 0 

20 

60 


V 

- 

Collector-to-Emitter Breakdown Voltage 

V (BR)CE0 

Iq = 1 mA, 1 B = 0 

15 

24 

- 

V 


Collector-to-Substrate Breakdown Voltage 

V (BR)CI0 

l c = 10//A, Iqi =0 

20 

60 


V 


Emitter-to-Base Breakdown Voltage 

V (BR)EB0 

l E = 10//A, l c = 0 

5 

7 


V 


Collector-Cutoff Current 

'CBO 

v CB = 10 V, l E = 0 


0.002 

40 

nA 

2 

Collector-Cutoff Current 

'CEO 

V CE = 10 V. I B = 0 


See curve 

0.5 

fjA 

3 

Static Forward Current-Transfer Ratio 


l Iq ~ 10 mA 


100 




(Static Beta) (Notel) 

h FE 

V CE = 3 Vn l c = 1 mA 

40 

100 



4 


I l c = 10 juA 


54 




Input Offset Current for Matched Pair 

Ql and Q2- h|0i " 'k^I (Note1) 


v ce = 3v > ic = lmA 


0.3 ' 

2 

aA 

5 

Base-to-Emitter Voltage (Notel) 

V BE 

V CE =3v/'e ' lmA 

Lt \ ( E = 10 mA 


0.715 

0.800 


V 

6 

Magnitude of Input Offset Voltage for Differ- 








ential Pair |v BEi - V B £ 2 | (Notel) 


v CE = 3V - l C = lmA 


0.45 

5 

mV 

6,8 

Magnitude of Input Offset Voltage for Isolated 








Transistors 1 V B e 3 - V B £4 l 

1 VbE4 - V BE5 IIVBE5 " V BE3 1 (Note 1 ) 


V CE = 3 V, l c = 1 mA 


0.45 

5 

mV 

6,8 

Temperature Coefficient of 

av be 

v CE = 3V ’ , C = lmA 


-1.9 

i 

mV/°C 

7 

Base-to-Emitter Voltage 

AT 





Collector-to-Emitter Saturation Voltage 

V CES 

l B = 1 mA, l B = 10 mA 


0.23 


V 


Temperature Coefficient: 

Magnitude of Input-Offset Voltage 

l A V| 0 | 

AT 

Vq E ~ 3 V, Iq = 1 mA 


1.1 


yuV/° C 

8 
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CA3045, CA3046 


ELECTRICAL CHARACTERISTICS (Cont'd.) 


DYNAMIC CHARACTERISTICS 

Low-Frequency Noise Figure 

NF 

f = 1 kHz, V CE = 3 V, l c - 100/iA 
Source Resistance = 1 kD 


3.25 


dB 

9(b) 

Low-Frequency, Small-Signal 

Equivalent-Circuit Characteristics: 








Forward Current-Transfer Ratio 

tye 

ii 

< 

o 

m 

= 3 V, l c = 1 mA 


110 



10 

Short-Circuit Input Impedance 

fye 


3.5 


kQ 

Open-Circuit Output Impedance 

^oe 


15.6 


/./mho 

Open-Circuit Reverse 

Voltage-Transfer Ratio 

^re 


1.8xl0' 4 


- 

Admittance Characteristics: 








Forward Transfer Admittance 

Vfe 

f = 1 MHz, V CE 

= 3 V, l c =1 mA 


31-jl .5 



11 

Input Admittance 

Y ie 


0.3+j0.04 



12 

Output Admittance 

Y oe 


0.001 +j0.03 


* 

13 

Reverse Transfer Admittance 

Y re 


See curve 



14 

Gain-Bandwidth Product 

f T 

V CE = 3 V. I c = 3mA 

300 

550 


MHz 

15 

Emitter-to-Base Capacitance 

C EB 

V EB = 3 V. I E = 0 

- 

0.6 


“ PF~ 


Collector-to-Base Capacitance 

C CB 

V C B = 3 V. l c =0 


0.58 


PF 


Collector-to-Substrate Capacitance 

C CI 

V CS = 3V, l c -0 


2.8 


PF 



NOTES: 


1 . Actual forcing current is via the emitter for this test. 


STATIC CHARACTERISTICS 



Fig. 2 - Typical collector-to-base cutoff current vs 
ambient temperature for each trans istor. 



Fig. 3 - Typical collector-to-emitter cutoff current vs 
ambient temperature for each transistor. 
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CA3045, CA3046 


STATIC CHARACTERISTICS 




Fig. 4 - Typical static forward current-transfer ratio and 
beta ratio for transistors Qf and Q 2 vs emitter current. 



Fig. 6 - Typical static base-to-emitter voltage character- 
istic and input offset voltage for differential pair and 
paired isolated trans istors vs emitter current. 



Fig. 8 - Typical input offset voltage characteristics for 
differential pair and paired isolated transistors 
vs ambient temperature. 


Fig. 5 - Typical input offset current for matched 
transistor pair QjQ2 vs collector current. 



Fig. 7 - Typical base-to-emitter voltage characteristic 
vs ambient temperature for each transistor. 



Fig. 9(a) - Typical noise figure vs collector current. 
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CA3045 , CA3046 


DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 



Fig. 9(b) - Typical noise figure vs collector current . 



Fig. 10 - Typical normalized forward current-transfer 
ratio, short-circuit input impedance, open-circuit 
output impedance, and open-circuit reverse volt- 
age-transfer ratio vs collector current. 


COMMON -EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE (Ta)=25°C 
COLLECTOR-TO-EMITTER V0LTS(V C e)= 3 
6 COLLECTOR MILLIAMPERES(Ic) = l 



I 10 

FREQUENCY (f)-MHz 


Fig. 12 - Typical input admittance vs frequency. 



Fig. 9(c) - Typical noise figure vs collector current. 



Fig. 11 - Typical forward transfer admittance 
vs frequency. 



Fig. 13 - Typical output admittance vs frequency. 
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CA3045, CA3046 


DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 


COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE (T A )=25°C 
COLLECTOR-TO-EMITTER VOLTS (Vce)= 3 
COLLECTOR MILLIAMPERES (Ic) = l 
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August 1991 


CA3081 

CA3082 

General-Purpose High-Current N-P-N 

Transistor Arrays 


Features 

• CA3081 - Common-Emitter Array 

• CA3082 - Common-Collector Array 

• Directly Drive 7-Segment Incandescent Displays and 
Light-Emitting-Diode (LED) Display 

• 7 Transistors Permit a Wide Range of Applications in 
Either a Common-Emitter (CA3081) or Common- 
Collector (CA3082) Configuration 


• High lc 100mA Max 

• Low Vqe Sat (at 50mA) 0.4V Typ 

Applications 

• Drivers for 


► Incandescent Display Devices 

► LED Displays 

► Relay Control 

► Thyristor Firing 


Description 

CA3081 and CA3082 consist of seven high-current (to 
100mA) silicon n-p-n transistors on a common monolithic 
substrate. The CA3081 is connected in a common-emitter 
configuration and the CA3082 is connected in a common- 
collector configuration. 

The CA3081 and CA3082 are capable of directly driving 
seven-segment displays, and light-emitting diode (LED) 
displays. These types are also well-suited for a variety of 
other drive applications, including relay control and thyristor 
firing. 

The CA3081 and CA3082 are supplied in a 16-lead Small 
Outline package (M suffix), in a 16-lead dual-in-line plastic 
package (no suffix), and in a 16-lead dual-in-line frit-seal 
ceramic package (F suffix), which include a separate 
substrate connection for maximum flexibility in circuit 
design. Both types are also available in chip form. 


Functional Diagrams 

CA3081 

COMMON-EMITTER CONFIGURATION 


CA3082 

COMMON-COLLECTOR CONFIGURATION 



FIGURE 1. FUNCTIONAL DIAGRAMS OF TYPES CA3081 AND CA3082 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 


File Number 480.1 
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CA3081, CA3082 


MAXIMUM RATINGS, Absolute-Maximum Values at T A = 25°C 


Power Dissipation: 

Any one transistor 500 

Total package 750 

Above 55°C Derate linearly 6.67 

Ambient Temperature Range: 

Operating —55 to +125 

Storage . —65 to + 150 

Lead Temperature (During Soldering): 

At distance 1/16" ±1/32" (1.59 mm ±0.79 mm) 

from case for 10 seconds max 265 

The following ratings apply for each transistor in the device: 

Collector-to-Emitter Voltage (Vq E q) 16 

Collector-to-Base Voltage (Vqbq) 20 

Collector-to-Substrate Voltage (Vqiq) *. 20 

Emitter-to-Base Voltage (Vgg q) 5 

Collector Current (Iq) 100 

Base Current (I g) 20 


mW 

mW 

mW/°C 


°C 

°C 


°C 


V 

V 

V 

V 
mA 
mA 


* The collector of each transistor of the CA3081 and CA3082 is 
isolated from the substrate by an integral diode. The substrate must 
be connected to a voltage which is more negative than any collector 
voltage in order to maintain isolation between transistors and 


provide normal transistor action. To avoid undesired coupling 
between transistors, the substrate terminal (5) should be maintained 
at either DC or signal (AC) ground. A suitable bypass capacitor can 
be used to establish a signal ground. 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


For Equipment Design 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 


Typ. 

Char. 

Curve 

Min. 

Typ. 

Max. 

Fig. No. 

Collector-to-Base Breakdown Voltage 

V(BR)CBO 

IC= 500 jt/A, Ie = 0 

- 

20 

60 

- 

V 

Collector-to-Substrate Breakdown Voltage 

V(BR)CI0 

Id = 500 pA, Ib = 0 

- 

mi 

60 

- 

V 

Collector-to-Emitter Breakdown Voltage 

V(BR)CEO 

Iq = 1 mA, Ib = 0 

- 

■a 

KZ1 

- 

V 

Emitter-to-Base Breakdown Voltage 

V(BR)EBO 

Iq = 500 fjA 

- 

5 

6.9 

- 

V 

DC Forward-Current Transfer Ratio 

hFE 

VCE = 0.5V, lc = 30 mA 

- 


68 

- 


VcE = 0-8V, l C =50 mA 

- 

E3 

70 



Base-to- Emitter Saturation Voltage 

V BE sat 

1C = 30 mA, Ib - 1 mA 

3 

- 


1.2 

V 

Collector-to-Emitter Saturation Voltage: 

CA3081 , CA3082 

VCE sat 

Iq = 30 mA, Ib = 1 mA 



0.27 

0.5 

V 

CA3081 

1C = 50 mA, Ib = 5 mA 

4 

_ 

0.4 

0.7 

CA3082 

Iq = 50 mA, Ib = 5 mA 

4 

- 

0.4 

0.8 

Col lector-Cutoff -Current 

‘CEO 

VCE = 10V, l B = 0 

- 

- 

- 

10 

ma 

Collector-Cutoff Current 

‘CBO 

Vqb = 10 V, l£ = 0 

- 

- 

- 

1 

HA 
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CA3081, CA3082 


TYPICAL STATIC CHARACTERISTICS FOR EACH TRANSISTOR OF TYPES CA3081 AND CA3082 




Fig. 2-h FE vs. I C Fig. 3-V BEsat vs. Iq 




Fig. 4-VcEsat vs - l C at J A = 25°C 


TYPICAL READ-OUT DRIVER APPLICATIONS 



I SEGMENT OF 
INCANDESCENT DISPLAY 
( RCA-DR2000 SERIES 
OR EQUIVALENT) 


1/7 CA308I 
(COMMON EMITTER) 


Fig.6— Schematic diagram showing one transistor of 
the CA3081 driving one segment of an incan- 
descent display. 


Fig. 5-VcEsat vs - f C at Fa = 7QOC 



I (LED) 

R= 0 FOR Vp* V BE + V F (LED) 


Vc " FORWARD VOLTAGE 
h DROP ACROSS THE 
DIODE 


Fig. 7— Schematic diagram showing one transistor of 
the CA3082 driving a light-emitting diode 
(LED). 
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SI HARRIS 

CA3083 

August 1991 

General-Purpose High-Current N-P-N 

Transistor Array 


Features 

• High Iq 100mA Max 

• Low VciEsat ( a * 50mA) 0.7V Max 

• Matched Pair (Q1 and Q2) 

V, 0 (Vbe Matched) ±5mV Max 

llO(atlmA) 2.5 jjA Max 


• 5 Independent Transistors Plus Separate Substrate 
Connection 

Applications 

• Signal Processing and Switching Systems Operating 
from DC to VHF 

• Lamp and Relay Driver 

• Differential Amplifier 

• Temperature-Compensated Amplifier 

• Thyristor Firing 

•. See Application Note, ICAN-5296 “Application of the 
CA3018 Circuit Transistor Array” for Suggested 
Applications 


Description 

The CA3083 is a versatile array of five high-current (to 
100mA) n-p-n transistors on a common monolithic 
substrate. In addition, two of these transistors (Q1 and Q2) 
are matched at low currents (i.e. 1 mA) for applications in 
which offset parameters are of special importance. 

Independent connections for each transistor plus a 
separate terminal for the substrate permit maximum 
flexibility in circuit design. The CA3083 is supplied in a 
1 6-lead dual-in-line frit-seal ceramic package (F suffix), a 
16-lead Small Outline package (M suffix), and a 16-lead 
dual-in-line plastic package (no suffix). The CA3083 is also 
available in chip form. 


Functional Diagram 



CAUTION: These device&are subject to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 481.1 
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CA3083 


MAXIMUM RATINGS, Absolute-Maximum Values at T A = 25°C 


Power Dissipation: 

Any one transistor _. 500 mW 

Total package 750 mW 

Above 55°C Derate linearly 6.67 mW/°C 


Ambient Temperature Range: 

Operating —55 to +125 °C 

Storage —65 to +150 °C 

Lead Temperature (During Soldering): 

At distance 1/16" ±1/32" (1.59 mm ±0.79 mm) 

from case for 10 seconds max 265 °C 


The following ratings apply for each transistor in the device: 


Collector-to-Emitter Voltage (Vq E q) 15 V 

Collector-to-Base Voltage (Vq 0 q) 20 V 

Collector-to-Substrate Voltage (Vqjq) B 20 V 

Emitter-to-Base Voltage (V E gQ> 5 V 

Collector Current (I q) 100 mA 

Base Current (I g) 20 mA 


The collector of each transistor of the CA3083 is isolated from the substrate by an integral diode. The substrate 
must be connected to a voltage which is more negative than any collector voltage in order to maintain isolation 
between transistors and provide normal transistor action. To avoid undesired coupling between transistors, the 
substrate terminal (5) should be maintained at either DC or signal (ACI ground. A suitable bypass capacitor can 
be used to establish a signal ground. 


ELECTRICAL CHARACTERISTICS at T A = 25°C 
For Equipment Design 




TEST CONDITIONS 


LIMITS 






Typ. 





CHARACTERISTICS 

SYMBOL 


Char. 
Curve 
Fig. No. 

Min. 

Typ. 

Max. 

UNITS 

| For Each Transistor: | 

Collector-to-Base 
Breakdown Voltage 

V (BR)CBO 

l c = 100/uA, l E = 0 

- 

20 

60 

- 

V 

Col lector-to- Emitter 
Breakdown Voltage 

V (BR)CEO 

1 q = 1mA, 1 g = 0 

- 

15 

24 

- 

V 

Collector-to-Substrate 
Breakdown Voltage 

V (BR)CIO 

l c , = 100,uA, Ig = 0. 
I E = 0 

- 

20 

60 

- 

V 

Emitter-to-Base 
Breakdown Voltage 

V (BR)EB0 

l E = 500/iA, l c = 0 

- 

5 

6.9 

- 

V 

Collector-Cutoff-Current 

'CEO 

v CE = iov, i B = 0 

- 

- 

- 

10 

UA 

Collector-Cutoff-Current 

'CBO 

v CB = iov, i E = 0 

- 

- 

- 

1 

UA 

DC Forward-Current 
Transfer Ratio (Note 1) 

h FE 

lp= 10mA 
Vpp = 3V L 

l c = 50mA 

2 

40 

40 

76 

75 

_ 


Base-to-Emitter Voltage 

V BE 

V CE = 3V, l c = 10mA 

3 

0.65 

0.74 

0.85 

V 

Collector-to-Emitter 

V CEsat 

Iq = 50mA, Ig = 5mA 

4, 5 


0.40 

0.70 

V 

Saturation Voltage 





Gain-Bandwidth 

f T 

V CE = 3V 



450 


MHz 

Product 

Iq = 10 mA 






For Transistors Q1 and Q2 (As a Differential Amplifier): j 

Absolute Input Offset 

l v iol 


7 


1.2 

5 

mV 

Voltage 

V CE = 3V, l c = 1mA 






Absolute Input Offset 

I 1 10 1 

8 


0.7 

2.5 

UA 

Current 







NOTES: 

1. Actual forcing current is via the emitter for this test. 
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C A3 083 


TYPICAL STATIC CHARACTERISTICS FOR EACH TRANSISTOR 
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ABSOLUTE INPUT-OFFSET VOLTAGE (V 


CA3083 


TYPICAL STATIC CHARACTERISTICS FOR DIFFERENTIAL AMPLIFIER 



I IO u.l I 

COLLECTOR MILLIAMPERES (I C > COLLECTOR MILLIAMPERES (I C ) 

Fig. 7- V jqVs I q (transistors Q 1 and Q2 as a differential Fig.8— / /0 vs Iq (transistors Q 1 and Q2 as a differential 

amplifier). amplifier). 


7 


’- 2 ' 


ARRAYS 




HI Harris CA3086 

General Purpose N-P-N 

August 1991 Transistor Array 


Applications 

• Three Isolated Transistors and One Differentially 
Connected Transistor Pair For Low-Power 
Applications from DC to 120MHz 

• General-Purpose Use in Signal Processing Systems 
Operating in the DC to 190MHz Range 

• Temperature Compensated Amplifiers 

• See Application Note, ICAN-5296 “Application of the 
CA3018 Integrated-Circuit Transistor Array” 5 for 
Suggested Applications 


Description 

The CA3086 consists of five general-purpose silicon n-p-n 
transistors on a common monolithic substrate. Two of the 
transistors are internally connected to form a differentially- 
connected pair. 

The transistors of the CA3086 are well suited to a wide 
variety of applications in low-power systems at frequencies 
from DC to 120 MHz. They may be used as discrete 
transistors in conventional circuits. However, they also 
provide the very significant inherent advantages unique to 
integrated circuits, such as compactness, ease of physical 
handling and thermal matching. 

The CA3086 is supplied in a 14-lead dual-in-line plastic 
package. The CA3086F is supplied in a 14-lead dual-in- 
line hermetic (frit-seal) ceramic package. The CA3086M is 
supplied in a 14-lead Small Outline package. 


Functional Diagram 



FIGURE 1. 


MAXIMUM RATINGS, Absolute-Maximum Values at T/\ = 25°C 
DISSIPATION: 

Any one transistor 300 mW 

Total package up to Ta = 55°C 750 mW 

Above Ta - 55°C Derate linearly 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating -55to+125°C 

Storage -65to+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1.59 ± 0.79 mm) 

From case for 1 0 seconds max +265°C 

The following ratings apply for each transistor in the device: 

COLLECTOR-TO-EMITTER VOLTAGE, VcEO 15 V 

COLLECTOR-TO-BASE VOLTAGE, V CB0 20 V 

COLLECTOR-TO-SUBSTRATE VOLTAGE, VdO* 20V 

EMITTER-TO- BASE VOLTAGE, V EB0 5 V 

COLLECTOR CURRENT, Iq 50 mA 


*The collector of each transistor in the CA3086 is isolated from the substrate by an integral diode. The substrate (terminal 1 3) must be connected to the most 
negative point in the external circuit to maintain isolation between transistors and to provide for normal transistor action. To avoid undesirable coupling 
between transistors, the substrate (terminal 1 3) should be maintained at either DC or signal (AC) ground. A suitable bypass capacitor can be used to establish 
a signal ground. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 483.1 
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CA3086 


ELECTRICAL CHARACTERISTICS at T A = 25°C 
For Equipment Design 




| TEST CONDITIONS 

CHARACTERISTICS 

SYMBOLS 


Typ. 

Charac- 

teristic 

Curves 
Fig. No. 

Collector-to-Base Breakdown Voltage 

V (BR)CB0 

l c = 10/iA, l E = 0 

- 

Collector-to-Emitter Breakdown Voltage 

V (BR)CE0 

lc = 1mA ' 'b = 0 

- 

Collector-to-Substrate Breakdown Voltage 

V (BR)CI0 

Iq = 10 ji A, Iq| = 0 

- 

Emitter-to-Base Breakdown Voltage 

V (BR) EBO 

l E = 10/iA, l c = 0 

- 

Collector-Cutoff Current 

'CBO 

v CB = 10V. i E = 0 

2 

Collector-Cutoff Current 

'CEO 

V CE = 10V. I B - 0 

3 

DC Forward-Current Transfer Ratio 

LU 

LL 

JC 

V CE= 3V, l c == 1mA 

4 



TYPICAL STATIC CHARACTERISTICS FOR EACH TRANSISTOR 



25 50 75 100 125 

AMBIENT TEMPERATURE (T A )— °C 

Fig.2- l rRn vsT A . 
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CA3086 


ELECTRICAL CHARACTERISTICS at T A = 25°C 
Typical Values Intended Only for Design Guidance 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

TYPICAL 

VALUES 

UNITS 


Typ. 

Chara- 

teristics 
Curves 
Fig. No. 

DC Forward-Current 

Transfer Ratio 

h FE 

> 

CO 

n 

LU 

CJ 

> 

l c = 10mA 

4 

10Q 


< 

o 

ii 

_o 

4 

54 


Base-to- Emitter Voltage 

LU 

CO 

> 

> 

CO 

II 

LU 

o 

> 

l E = 1mA 

5 

0.715 

V 

1 E = 10 mA 

5 

0.800 

V 

Vgg Temperature Coefficient 

av be /at 

V CE = 3V ' 'c = lmA 

6 

-1.9 

3 

< 

o 

o 

Col lector-to- Emitter 

Saturation Voltage 

V CEsat 

lg = 1 mA, Iq = 10mA 

- 

0.23 

V 

Noise Figure (low frequency) 


f= 1kHz, V CE = 3 V, 
l c = 100/iA, R $ = Ik 

- 

3.25 

dB 

Low-Frequency, Small-Signal 
Equivalent-Circuit Characteristics: 

Forward Current-Transfer Ratio 


f = 1kHz, V CE = 3V, l c = 1mA 

7 

100 

| 

Short-Circuit Input Impedance 


7 

3.5 


Open-Circuit Output Impedance 

EE 

7 

15.6 


Open-Circuit Reverse-Voltage 

Transfer Ratio 


7 


■ 

Admittance Characteristics: 

Forward Transfer Admittance 

m 

f= 1MHz, V CE = 3V, l c = 1mA 

8 

31 — j 1 .5 


Input Admittance 

Vie 

9 

0.3 + j0.04 


Output Admittance 

Y oe 

10 

0.001 + j0.03 

mmho 

Reverse Transfer Admittance 

y re 

11 


- 

Gain-Bandwidth Product 

f T 

V CE = 3V, l c = 3mA 

12 

550 

MHz 

Emitter-to-Base Capacitance 

C EBO 

V EB = 3V.I E = 0 

- 

0.6 

pF 

Collector-to-Base Capacitance 

C CBO 

V CB = 3V.I C = 0 

- 

0.58 

pF 

Collector-to-Substrate Capacitance 

C CIO 

VC|=3V.I C = 0 


2.8 

PF 
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CA3086 


TYPICAL STATIC CHARACTERISTICS FOR EACH TRANSISTOR 
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CA3086 



COMMON-EMITTER CIRCUIT, BASE INPUT 
AMBIENT TEMPERATURE (Ta)-25°C 
COLLECTOR-TO-EMITTER V0LTS(Vce)* 3 
COLLECTOR MILLIAMPERES(Ic)* 1 
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August 1991 

Applications 

• Five-Independent Transistors 

► Three N-P-N and 

► Two P-N-P 

• Differential Amplifiers 

• DC Amplifiers 

• Sense Amplifiers 

• Level Shifters 

• Timers 

• Lamp and Relay Drivers 

• Thyristor Firing Circuits 

• Temperature-Compensated Amplifiers 

• Operational Amplifiers 

Description 

The CA3096C, CA3096, and CA3096A are general 
purpose high-voltage silicon transistor arrays. Each array 
consists of five independent transistors (two p-n-p and 
three n-p-n types) on a common substrate, which has a 
separate connection. Independent connections for each 
transistor permit maximum flexibility in circuit design. 

Types CA3096A, CA3096, and CA3096C are identical, 
except that the CA3096A specifications include parameter 
matching and greater stringency in ICBO> iCEO» ar| d 
Vce(SAT). The CA3096C is a relaxed version of the 
CA3096. 

. The CA3096C, CA3096, and CA3096A are supplied in 
16-lead dual-in-line plastic packages (E-suffix), and in 
16- lead Small Outline packages (M suffix). The CA3096 is 
also available in chip form (H suffix). 



CA3096C 

N-P-N/P-N-P Transistor Arrays 


CA3096A, CA3096, CA3096C 
Essential Differences 


CHARACTERISTIC 

CA3096A 

CA3096 

CA3096C 

V (BR)CE0(V) Min. 

n-p-n 

35 

35 

24 

p-n-p 

-40 

-40 

-24 

V (BR)CB0(V) Min. 

n-p-n 

45 

45 

30 

p-n-p 

-40 

-40 

-24 

hp£ @ 1 mA 

n-p-n 

150-500 

1 50-500 

100-670 

p-n-p 

20-200 

20-200 

1 5-200 

hp£ @ 100 pA 

p-n-p 

40-250 

40-250 

30-300 

ICBO (nA) Max. 

n-p-n 

40 

100 

100 

p-n-p 

-40 

-100 

-100 

ICEO ( nA ) Max - 

n-p-n 

100 

1000 

1000 

p-n-p 

-100 

-1000 

-1000 

V C E(SAT)(V) Max. 

n-p-n 

0.5 

0.7 

0.7 


I Vi 0 l (mV) Max. 

n-p-n 

P-n-p 

IlloUfiA) Max. 


Schematic Diagram 




°2 ©-tC°3 (JXO* ©-KQs 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 595.1 
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CA3096, CA3096A. CA3096C 


MAXIMUM RATINGS, Absolute-Maximum Values: 


EACH 

N-P-N 


EACH 

P-N-P 


COLLECTOR-TO-EMITTER VOLTAGE, V CE0 : 

CA3096A , CA3096 35 

CA3096C 24 

COLLECTOR-TO-BASE VOLTAGE, V CBQ : 

CA3096A , CA3096 45 

CA3096C 30 

COLLECTOR-TO-SUBSTRATE VOLTAGE, V c , 0 : 

CA3096A , CA3096 45 

CA3096C 30 


EMITTER-TO-SUBSTRATE VOLTAGE, V E , 0 : 


CA3096A , CA3096 

CA3096C 

EMITTER-TO-BASE VOLTAGE, V EBQ : 

CA3096A , CA3096 6 

CA3096C 6 

COLLECTOR CURRENT, l c (All Types) 50 

POWER DISSIPATION, P D : 

Up to T a = 55°C: 

Device (Total) 750 

Each Transistor 200 

Above T A = 55°C derate linearly at 6.67 


AMBIENT-TEMPERATURE RANGE, T A : 

Operating 

Storage 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) 
from case for 10 s max 


-40 V 

-24 V 

-40 V 

-24 V 

V 

V 

-40 V 

-24 V 

-40 V 

-24 V 

— 10 mA 


mW 

mW 

mW/°C 

-55 to +125°C 
—65 to +150°C 


265°C 


STATIC ELECTRICAL CHARACTERISTICS at T A = 25°C 
For Equipment Design 


CHARAC- 

TERISTIC 

TEST 

CONDITIONS 

LIMITS | 

UNITS 

CA3096A 

CA3096 

CA3096C 




HI 



mi 

Typ. 

iiim 


'CBO 


■ 

0.001 

40 

_ 

0.001 

100 

■ 

0.001 

100 

nA 

>CEO 

PHIHM 

pfpPffim 


0.006 

100 

- 

0.006 

1000 

■ 

0.006 

1000 

nA 

v (BR)CEO 

m 

i 

50 

■ 

35 

50 

■ 

24 

35 

■ 

V 

v (BR)CBO 

I C =10/jA, 

'e = o 

45 

100 

- 

45 

100 

- 

30 

80 

■ 

V 

V (BR)CIO 

I C I = 10mA. 

'b-'e-o 

45 


■ 

H 


■ 

30 

80 

■ 

V 

v (BR)EBO 



8 

■ 

1 

■ 

■ 


8 

H 

V 

v z 

l z = 10juA 


■a 

9.8 

E 

m 

9.8 

E 

■ 

9.8 

V 

V CE(SAT) 

l c = 10 mA, 
lg = 1 mA 

- 

0.24 

0.5 

- 

0.24 

0.7 

■ 

0.24 

0.7 

V 

v BE(Nofe ij 

Iq = 1 mA, 
iV C £ = 5V 

m2i 

0.69 

0.78 

mi 



m 2 

0.69 


V 

hpp(Note 1) 


390 

500 


390 

500 

mu 

390 

mu 


IAVbc/ATI 
(Note 1) 

l c = 1 mA, 

V CE = 5 v 

- 

1.9 


H 

1.9 

■ 

■ 

1.9 

- 

mV/°C 
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CA3096 , CA3096A, CA3096C 


STATIC ELECTRICAL CHARACTERISTICS at T A = 25°C (Cont'd) 
For Equipment Design 


CHARAC- 

TERISTIC 

TEST 

CONDITIONS 

LIMITS | 

UNITS 

CA3096A 

CA3096 

CA3096C 

Min. 

Typ. 

tEM 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

For Each p-n-p Transistor 



■ 



■ 




-0.06 




QSEBRKH 

■ 



■ 

-0.12 



-0.12 

-1000 

nA 

v (BR)CEO 

l C =— lOOyUA, 

1 B = 0 

-40 

-75 

- 

-40 

-75 

■ 


-30 

- 

V 

v (BR)CBO 

l c = -10/uA, 

'E = 0 

-40 

-80 

- 

-40 

-80 

■ 



- 

V 

v (BR)EBO 

1 E = — 1 0 /i A, 
i c = o 



- 


-100 

■ 


-80 

- 

V 

v (BR)EIO 

1 El = 10 m A, 

i B = ic = 0 

-40 

-100 

- 

-40 

-100 

- 

-24 

-80 

- 

V 

V CE(SAT) 

l c = -1 mA, 
l B = — IOOjuA 

- 

-0.16 

-0.4 

- 

-0.16 

-0.4 

- 

-0.16 

-0.4 

V 

Vbe 

(Note 1) 

l r = -100/iA, 
V CE = -5V 

-0.5 

-0.6 

-0.7 

-0.5 

-0.6 

[ 

-0.7 

-0.5 

-0.6 

-0.7 

V 

^FE 

(Note 1) 

l r = — 100 mA, 
VCE = -5V 

40 

85 

250 

40 

85 

250 

30 

85 

300 


Iq = — 1 mA, 
V CE =-5V 

20 

47 

200 

20 

47 

200 

15 

47 

200 


|AV be /AT| 
(Note 1) 

l c = -IOOjuA, 
V CE = —5 V 

- 

2.2 

- 

- 

2.2 

I 

- 

- 

2.2 

_ 

mV/°C 



'CBO 

Collector-Cutoff Current 

v z 

Emitter-to-Base Zener Voltage 

'CEO 

Collector-Cutoff Current 

V CE(SAT) 

Collector-to-Emitter Saturation 

v (BR)CEO 

Collector-to-Emitter Breakdown 


Voltage 


Voltage 

V BE 

Base-to-Emitter Voltage 

V (BR)CBO 

Collector-to-Base Breakdown 

hpE 

DC Forward-Current T ransfer 

Voltage 

Ratio 

V (BR)CIO 

Collector-to-Substrate Break- 

|AV be /AT| 

Magnitude of Temperature 

down Voltage 


Coefficient: (for each transistor) 

V (BR)EBO 

Emitter-to-Base Breakdown 

Voltage 




NOTES: 

1. Actual forcing current is via the emitter for this test 
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CA3096, CA3096A, CA3096C 


STATIC ELECTRICAL CHARACTERISTICS at T A = 25°C (CA3096A Only) 
For Equipment Design 


CHARACTERISTIC 


TEST 

CONDITIONS 


LIMITS 


CA3096A 


Min. 


For Transistors Q1 and Q2 (as a 

Differential Amplifier) 





Absolute Input Offset Voltage, 

IViol 

- 

0.3 

5 

mV 

Absolute Input Offset Current, 

|I| 0 I V CE = 5V, l C =1mA 

- 

0.07 

0.6 

MA 

Absolute 1 nput Offset Voltage 
Temperature Coefficient, 

|AV, 0 l 

AT 

_ 

1.1 

_ 

mv/°c 

For Transistors Q4and Q5 (As a Differential Amplifier) 

Absolute Input Offset Voltage, 

|V| 0 I 

- 

0.15 

5 

mV 

Absolute Input Offset Current, 

|!|0l Vpp = —5 V, l n = -100juA 

- 

2 

250 

nA 


Absolute Input Offset Voltage IAVjqI ® 
Temperature Coefficient, AT 


- 0.54 - LtV/°C 


— 

— 

- 

— 

— 

- 


— 

i== 

— 

— 






















z 










:z 











tz 






















1 











fj 
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_ 









E 
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~ 

— 


E 

— 

— 

— ■ 

— 

— ■ 
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_ 






Fig. 1 — Base-to-emitter zener characteristic 
(n-p-n). 


Fig. 2— Collector cut-off current (!qpq> 
function of temperature (n-p-n). 



Fig. 3 — Collector cut-off current Uqqq) as a 
function of temperature (n-p-n). 



COLLECTOR CURRENT C X c ) — mA 

Fig. 4 — Transistor (n-p-n) hppas a function of 
collector current. 


















CA3096, CA3096A, CA3096C 


ELECTRICAL CHARACTERISTICS at T A = 25 C 
Typical Values Intended Only for Design Guidance 




CHARACTERISTICS 


For Each n-p-n Transistor 


Noise Figure (low frequency), NF 


Low-Frequency, Input Resistance, R 


Low-Frequency Output Resistance, R 0 


Admittance Characteristics: 

Forward Transfer Admittance, 9 


Input Admittance, 


Output Admittance, 

y oe , 
b oe 


Gain-Bandwidth Product, f j 


Emitter-to-Base Capacitance, Cgg 
Collector-to-Base Capacitance, CQg 


Collector-to-Substrate Capacitance, Cq| 

For Each p-n-p Transistor 


Noise Figure (lowfrequency), NF 


Low-Frequency Input Resistance, Rj 


Low-Frequency Output Resistance, R 0 


Gain-Bandwidth Product, fj 


Emitter-to-Base Capacitance, Cgg 


Collector-to Base Capacitance, C^g 


Base-to-Substrate Capacitance, Cg| 


TEST CONDITIONS 


f = 1 kHz, V C g = 5 V, 
Iq = 1 mA, Rg = 1 k^2 


TYPICAL 

VALUES 




ARRAYS 
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INPUT SUSCEPTANCE ( b, 




CA3096. CA3096A, CA3096C 




Fig. 31 — Capacitance as a function of bias 
voltage (p-n-p). 


Fig. 32 — Frequency comparator using 
CA3096 



Fig. 33 — Line-operated level switch using CA3096A or CA3096 

+6 V 




Fig. 34 — Frequency comparator charac- 
teristics. 


Fig. 35 — One-minute timer using CA3096A 
and a MOS/FET. 




Fig. 36 — CA3096A small-signal zero-voltage detector having noise immunity. 
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CA3096, CA3096A, CA3096C 



Fig. 37 - Ten-second timer operated form 1.5-volt Fig. 38 - Gain-frequency characteristics, 

supply using CA3096 



0 10 20 30 40 



CA3096H 

The photographs and dimensions represent a chip 
when it is part of the wafer. When the wafer is cut 
into chips, the cleavage angles are 57 instead of 
90 with respect to the face of the chip. Therefore, 
the isolated chip is actually 7 mils (0. 17 mm) 
larger in both dimensions. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils ( 10~ 3 inch). 
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CA3127 


August 1991 


High-Frequency N-P-N 
Transistor Array 


Features 

• Gain-Bandwidth Product (fj) >1GHz 

• Power Gain 30dB (Typ) at 100MHz 

• Noise Figure 3. 5dB (Typ) at 100MHz 

• Five Independent Transistors on a Common 
Substrate 

Applications 

• VHF Amplifiers 

• Multifunction Combinations - RF/Mixer/Oscillator 

• Sense Amplifiers 

• Synchronous Detectors 

• VHF Mixers 

• IF Converter 

• IF Amplifiers 

• Synthesizers 

• Cascade Amplifiers 


Description 

The CA3127* consists of five general-purpose silicon 
n-p-n transistors on a common monolithic substrate. Each 
of the completely isolated transistors exhibits low 1/f noise 
and a value of fj in excess of 1GHz, making the CA3127 
useful from DC to 500MHz. Access is provided to each of 
the terminals for the individual transistors and a separate 
substrate connection has been provided for maximum 
application flexibility. The monolithic construction of the 
CA3127 provides close electrical and thermal matching of 
the five transistors. 

The CA3127 is supplied in the 16-lead Small Outline 
package (M suffix), 16-lead dual-in-line plastic package 
(E suffix), 1 6-lead dual-in-line frit-seal ceramic package 
(F suffix), and is also available in clip form (H suffix). It 
operates over the full military temperature range of -55°C to 
+1250C. 

* Formerly RCA Dev. No. TA6206. 


Schematic Diagram 


SUBSTRATE I 



MAXIMUM RATINGS, Absolute-Maximum Values: 

POWER DISSIPATION, P D : 

Any one transistor 85 mW 

Total Package: 

For T A up to 750C 425 mW 

For T a > 75°C Derate Linearly at 6.67 mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating -55°Cto+125°C 

Storage -65°C to +1 50°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 

10 seconds max +265°C 

The following ratings apply for each transistor in the device: 

COLLECTOR-TO-EMITTER VOLTAGE, VceO 15 V 

COLLECTOR-TO-BASE VOLTAGE, VcBO 20 V 

COLLECTOR-TO-SUBSTRATE VOLTAGE, V C |Ot 20 V 

COLLECTOR CURRENT, lc 20 mA 


t The collector of each transistor of the CA31 27 is isolated from the substrate by an integral diode. The substrate (terminal 5) must be connected to the most 
negative point in the external circuit to maintain isolation between transistors and to provide for normal transistor action. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 662.1 
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CA3127 

STATIC ELECTRICAL CHARACTERISTICS at T A = 25°C 



♦When used as a zener for reference voltage, the device must not be subjected to more than 0.1 millijoule of energy from any possible capacitance 
or electrostatic discharge in order to prevent degradation of the junction. Maximum operating zener current should be less than 10 mA. 

DYNAMIC CHARACTERISTICS at T A = 25°C 
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CONDUCTANCE <g 22 > 









CA3127 



Fig. 17 — Reverse transadmittance (Y j2 ) as 3 
function of frequency. 



mirror biasing for Q2- 



This circuit was chosen because it conveniently 
represents a close approximation in performance to 
a properly unilateralized single transistor of this 
type. The use of Q3 in a current-mirror configu- 
ration facilitates simplified biasing. The use of the 
cascode circuit in no way implies that the tran- 
sistors cannot be used individually. 



Fig. 19 — 100-MHz power-gain and noise- figure test circuit. 



Fig. 20 — Block diagrams of power-gain and noise-figure test set-ups. 
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C A3141 


High-Voltage Diode Array 
August 1991 For Commercial, Industrial & Military Applications 


Features 

• Matched Monolithic Construction - Vp for Each Diode 
Pair Matched to Within 0.55mV (Typ) at Ip = 1mA 

• Low Diode Capacitance - 0.3pF (Typ) at Vr = 2V 

• High Diode-to-Substrate Breakdown Voltage... 30V 

(Min) 

• Low Reverse (Leakage) Current lOOnA (Max) 

Applications 

• Balanced Modulators of Demodulators 

• Analog Switches 

• High-Voltage Diode Gates 

• Current Ratio Detectors 


Description 

The CA3141E High Voltage Diode Array Consists of ten 
general purpose high reverse breakdown diodes. Six 
diodes are internally connected to form three common 
cathode diode pairs, and the remaining four diodes are 
internally connected to form two common anode diode 
pairs. Integrated circuit construction assures excellent 
static and dynamic matching of the diodes, making the 
CA3141 extremely useful for a wide variety of applications 
in communications and switching systems. 

The CA3141 is supplied in the 16-lead dual-in-line plastic 
package (E suffix), and in chip form (H suffix). 


Pinout 

CA3141 

16 PIN PLASTIC DIP 
TOP VIEW 



MAXIMUM RATINGS, Absolute-Maximum Values: 

PEAK INVERSE VOLTAGE (PIV) 30V 

PEAK DIODE-TO-SUBSTRATE VOLTAGE 30V 

PEAK FORWARD SURGE CURRENT [l F (SURGE)] 100mA 

DC FORWARD CURRENT (l F ) 25mA 

DISSIPATION: 

Any one diode unit 50mW 

Total Package: 

Up to 55°C 650mW 

For Ta > 55°C Derate linearly at 6.67mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating -55°Cto+125°C 

Storage -65°Cto+150°C 

LEAD TEMPERATURE (During Soldering): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79mm) from case for 

10s max +265°C 


FIGURE 1. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 906.1 
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CA3141 


ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNIT 

Min. 

Typ. 

Max. 

DC Forward Voltage Drop, Vp 

Ip (Anode) lOO^A 

- 

0.7 

0.9 

V 

1 mA 

- 

0.78 

1 

10 mA 

- 

0.93 

1.2 

DC Reverse Breakdown 

Voltage, V (BR)R 

Ip = —10 (JiA 

30 

50 

_ 

V 

DC Breakdown Voltage Between 
Any Diode and Substrate, 
V (BR)DI 

1 Dl = 10 MA 

30 

50 

- 

V 

DC Reverse (Leakage) Current,! R 

Vp = -20 V 

- 

- 

100 

nA 

DC Reverse (Leakage) Current 
Between Any Diode and 
Substrate, Iq| 

V D j = 20 V 

- 

- 

100 

nA 

Magnitude of Diode Offset 

Voltage Between Diode Pairs 

V D) = 20 V 

1 p A - 1 m A 

- 

0.55 

- 

mV 

Temperature Coefficient of 
Forward Voltage Drop, 

AV F/ AT 

Ip = 1 mA 

- 

-1.5 

- 

mV/°C 

Reverse Recovery Time, t rr 

Ip = 2 mA, 1 R = 2 m A 

- 

50 

- 

ns 

Diode Capacitance, Cq 


See Fig. 5 

pF 

Diode Anode-to-Substrate 
Capacitance, Cq A | 


See Fig. 6 

pF 

Diode Cathode-to-Substrate 
Capacitance, Cqqi 




Magnitude of Cathode-to-Anode 
Current Ratio, |lpQ/lp A | 

lp A =1 mA, Vq5 = 10 V 



fl 

1 




Fig. 2 — DC forward voltage drop vs. 
forward current. 


Fig. 3 — DC forward voltage drop vs. 
ambient temperature. 
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03 Harris C/13146, CA3146A 

C/13183, C/13183/1 


August 1991 


High-Voltage Transistor Arrays 


Features 


Description 


° Matched General-Purpose Transistors 

• VgE Matched ±5mV Max 

• Operation from DC to 120MHz (CA3146, A) 

• Low-Noise Figure: 3.2dB Typ at 1 kHz (CA3146, A) 

• High Iq: 75mA Max (CA3183, A) 

Applications 

• General Use in Signal Processing Systems in DC 
Through VHF Range 

• Custom Designed Differential Amplifiers 


The CA3146A, CA3146, CA3183A, and CA3183* are 
general-purpose high-voltage silicon n-p-n transistor 
arrays on a common monolithic substrate. 

Types CA3146A and CA3146 consist of five transistors 
with two of the transistors connected to form a 
differentially-connected pair. These types are 
recommended for low-power applications in the DC 
through VHF range. Both types are supplied in 14-lead 
dual-in-line plastic (E suffix) and 14-lead small outline 
(M suffix) packages and operate over the ambient 
temperature range of -40°C to +85°C. (CA3146A and 
CA3146 are high-voltage versions of the popular 
predecessor type CA3046.) 


• Temperature Compensated Amplifiers 

• Lamp and Relay Drivers (CA3183, A) 

• Thyristor Firing (CA3183, A) 


Pinouts 

CA3146, A 
14 PIN PACKAGES 
TOP VIEW 


CA3183, A 
16 PIN PACKAGES 
TOP VIEW 




Types CA3183A and CA3183 consist of five high-current 
transistors with independent connections for each 
transistor. In addition two of these transistors (Q1 and Q2) 
are matched at low-current (i.e. 1 mA) for applications 
where offset parameters are of special importance. A 
special substrate terminal is also included for greater 
flexibility in circuit design. Both types are supplied in 
16-lead dual-in-line plastic (E suffix) and 16-lead small 
outline (M suffix) packages and operate over the ambient 
temperature range of -40°C to +85°C. (CA3183A and 
CA3183 are high-voltage versions of the popular 
predecessor type CA3083.) 

The types with an “A” suffix are premium versions of their 
non-“A” counterparts and feature tighter control of 
breakdown voltages making them more suitable for higher 
voltage applications. 

For detailed application information, see companion 
Application Note, ICAN-5296 “Application of the CA3018 
Integrated Circuit Transistor Array.” 


* Formerly Developmental Types Nos. 

CA3146A - TA6084 CA3183A - TA6094 

CA3146 - TA6181 CA3183 - TA6183 


TYPE 

PT° 

MAX. 

mW 

•c 

MAX. 

mA 

V C EO 
MAX. 

V 

v CBO 

MAX. 

V 

VcEsat. 
at 10 mA 

TYP. 

V 

hpE 

at 1 mA, 
&V C e=5V 
TYP. 

DIFF. PAIR AT 1mA 

Ta Range 
(OPERATING) 
°C 

VlO 

MAX. 

mV 

*10 

MAX. 

fiA 

VALUES APPLY FOR EACH TRANSISTOR 

CA3146A 

300 

50 

40 

50 

0.33 


±5 


-40 - +85 

CA3146 

300 

50 

30 

40 

0.33 

■ 

±5 


-40 - +85 

CA3183A 

500 

75 

40 

50 

0.16 


±5 


-40 - +85 

CA3183 

500 

75 

30 

40 

0.16 

■91 

±5 


-40 - +85 


• Caution on Total Package Power Dissipation: The maximum total package dissipation rating for the CA3146 and CA3183 Series circuits is 750 mW at 
temperatures up to +55°C, then derate linearly at 6.67mW/°C. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper J.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 532.1 
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CA3146, CA3146A, CA3183, CA3183A 


MAXIMUM RATINGS, Absolute-Maximum Values at Ta = 25<>C 


POWER DISSIPATION: 

Any one transistor - 

CA31 46A, CA31 46 300 mW 

CA31 83A, CA31 83 500 mW 

Total package - 

Up to 55°C (CA31 46A, CA31 46, CA31 83A, CA31 83) 750 mW 

Above to 550C (CA31 46A, CA31 46, CA31 83A, CA31 83) Derate linearly 6.67 mW/0C 

AMBIENT TEMPERATURE RANGE: 

Operating - 

CA31 46A, CA31 46, CA31 83A, CA31 83 -40 to +850C 

Storage (all types) -65 to +1 50°C 

The following ratings apply for each transistor in the device: 

COLLECTOR-TO-EMITTER VOLTAGE (V CE0 ): 

CA31 46A, CA31 83A 40 V 

CA3146, CA3183 30 V 

COLLECTOR-TO-BASE VOLTAGE (VCBO): 

CA31 46A, CA31 83A 50 V 

CA3146, CA3183 40 V 

COLLECTOR-TO-SUBSTRATE VOLTAGE (V C | 0 ):« 

CA31 46A, CA31 83A 50 V 

CA31 46, CA31 83 40 V 

EMITTER-TO-BASE VOLTAGE (V EB 0) all types 5 V 

COLLECTOR CURRENT - 

CA31 4 6 A, CA31 46 50 mA 

CA3183 75 mA 

BASE CURRENT (l B ) - CA31 83A, CA31 83 20 mA 


■ The collector of each transistor is isolated from the substrate by an integral diode. The substrate must be connected to a voltage which is more negative than any 
collector voltage in order to maintain isolation between transistor action. To avoid undesired coupling between transistors, the substrate terminal should be maintained 
at either DC or signal (AC) ground. A suitable bypass capacitor can be used to establish a signal ground. 




SUBSTRATE 



SUBSTRATE @ 



CA3146A, CA3146 


CA3183A, CA3183 


Figure 1 - Schematic diagrams of high-voltage arrays. 


COMPARISON OF RELATED PREDECESSOR TYPE WITH TYPES IN THIS DATA BULLETIN 



DATA 
FILE NO. 

v CEO 

MIN. 

v CBO 

MIN. 

VcE sat * 

TYP.V 

v be 

TYP.V 

'c 

MAX. mA 

C CB 
TYP. pF 

C CI 

TYP. pF 

CEB 
TYP. pF 

1C = 10 mA 

ic — 1 mA 

CA3046 

341 

15 

20 

0.23 

0.715 

50 

0.58 

2.8 


CA3146A 


40 

50 

0.33 

0.730 

50 

0.37 

2.2 


CA3146 


30 

40 

0.33 

0.730 

50 

0.37 

2.2 

0.7 




Hi 

1C — 50 mA 

IC = 10 mA 





CA3083 

481 

15 

1 

0.4 


100 

— 

— 

— 

CA3183A 


40 

MM 

1.7 


Q. 

— 

— 

— 

CA3183 


30 

40 

1.7 


wM 

— 

- 

- 
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CA3146, CA3146A, CA3183, CA3183A 


STATIC ELECTRICAL CHARACTERISTICS - CA3146 Series 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

t a = 250 c 

Typ. 

Char. 

Curve 
Fig. No. 

CA3146A 

CA3146 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

For Each Transistor: 

Collector-to-Base 

Breakdown Voltage 

V (BR)CBO 

l C = 10/LIA, l E =0 

- 

50 

72 

- 

40 

72 

- 

V 

Collector-to-Emitter 

Breakdown Voltage 

v (BR)CEO 

•c = 1mA, 'b = 0 

- 

40 

56 

_ 

30 

56 

_ 

V 

Collector-to-Substrate 

Breakdown Voltage 

v (BR)CIO 

'Cl = 10/iA, l B =0 
»E = 0 

- 

50 

72 

- 

40 

72 

- 

V 

Emitter-to-Base 

Breakdown Voltage 

v (BR)EBO 

l E = 10piA, lc = 0 

- 

5 

7 

- 

5 

7 

- 

V 

Collector-Cutoff Current 

'CEO 

V C E = 10V, l B = 0 

2 

- 

see 

curve 

5 

- 

see 

curve 

5 

(JA 

Collector-Cutoff Current 

'CBO 

V C b = 10V. I E =0 

3 

- 

0.002 

100 

- 

0.002 

100 

nA 

DC Forward-Current 

Transfer Ratio 

hpE 

VcE=5V 

1 c~ 1 0 mA 

4 

- 

85 

- 

- 

85 

- 

- 

lc=1 mA 

4 

30 

100 

- 

30 

100 

- 

l C =10AtA 

4 

- 

90 

- 

- 

90 

- 

Base-to-Emitter Voltage 

V BE 

Vqe = 3V, I C = 1 mA 

5 

0.63 

0.73 

0.83 

0.63 

0.73 

0.83 

V 

Collector-to-Emitter 

Saturation Voltage 

v CEsat 

Iq = 10mA, 1 b = 1 mA 

6 

- 

0.33 

- 

- 

0.33 

- 

V 

For transistors Q3 and Q4 (Darlington Configeration): 

Base-to-Emitter 

(Q3 to Q4) 

V BE 

V CE= 5V 

l E = 10 mA 

8 

- 

1.46 

- 

- 

1.46 

- 

V 

l E = 1 mA 

8,9 

- 

1.32 

- 

- 

1.32 

- 

Magnitude of Base-to- 
Emitter Temperature 

Coefficient 


AVbe 

AT 


V CE = 5V, l E = 1mA 

- 

- 

4.4 

- 

_ 

4.4 

- 

mV/°C 

For transistors Q1 and Q2 (AS a Differential Amplifier): 

Magnitude of Input 

Offset Voltage 

|v B ei = v B e2| 

|v,o| 

Vqe = 5V, *E = 1 mA 

10,11 

- 

0.48 

5 

~ 

0.48 

5 

mV 

Magnitude of Base-to- 

Emitter Temperature 

Coefficient 


av B e 


V C E = 5 V, 
lE = 1 mA 

- 


1.9 

- 


1.9 

- 

mV/°C 

AT 

Magnitude of V|Q 

< v BE1' v BE 2> Temp- 
erature Coefficient 


AV|0 


V CE = 5V, 

'Cl = *C2 = 1 mA 

- 

- 

1.1 

- 

- 

1.1 

~ 

piv/°c 

AT 

Magnitude of 
Input Offset 

Current 

|'ior'io 2 | 

CA3146AE 

and 

CA3146E 

only 

•io 

V C E = 5V. 

l Cl = 'c 2 = 1 mA 

12 

- 

0.3 

2 

- 

0.3 

2 

JUA 
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CA3146, CA3146A, CA3183, CA3183A 


DYNAMIC ELECTRICAL CHARACTERISTICS - CA3146 Series 


CHARACTERISTICS 

SYM- 

BOL 

TEST CONDITIONS 

CA3146A 

CA3146 

UNITS 

T a = 25°C 

Typ. 

Char. 

Curve 

Fig.No. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Low Frequency Noise Figure 

NF 

f = 1kHz, V C E = 5V, 

Ic = 100/iA, Source 
resistance = 1 k£2 

14 

- 

3.25 

- 

- 

3.25 

- 

dB 

Low-Frequency, Small-Signal 

Equivalent-Circuit 

Characteristics: 

Foward-Current Transfer 

Ratio 

hfe 

f = 1kHz, V ce = 5V, 

Iq = 1mA 

16 


100 



100 



Short-Circuit Input 

Impedance 

hje 

16 

- 

2.7 

- 

- 

3.5 

- 

kSl 

Open-Circuit Output 
Impedance 

h oe 


16 

- 

15.6 

- 

- 

15.6 


jUmho 

Open-Circuit Reverse - 
Voltage Transfer Ratio 

h re 

16 

- 

1.8x10- 4 

~ 

- 

1.8x10- 4 

- 

- 

Admittance Characteristics: 

Foward Transfer Admittance 

Yfe 

f = 1MHz, V CE = 5V, 

Iq = 1mA 

17 

. 

i 

31 -j 1.5 

_ 

_ 

31 -j 1 .5 

_ 

mmho 

Input Admittance 

Vie 

18 

- 

0.35+j0.04 

- 

- 

0.3+j0.04 

- 

mmho 

Output Admittance 

Yoe 

19 

- 

0.001+j0.03 

- 

- 

0.001+i0.03 

- 

mmho 

Reverse Transfer Admittance 

Yre 

20 


See curve 



See curve 


mmho 

Gain-Bandwidth Product 

f T 

V CE = 5V, l c = 3mA 

21 

300 

500 


300 

500 

- 

MHz 

Emitter-to-Base Capacitance 

CEB 

V EB = 5V, l E = 0 

22 

- 

0.70 

- 

- 

0.70 

- 

pF 

Collector-to-Base Capacitance 

C CB 

V C B = 5V, l C = 0 

22 

- 

0.37 

- 

- 

0.37 

- 

PF 

Collector-to-Substrate 

Capacitance 

C C I 

V C , = 5V, l C = 0 

22 

- 

2.2 

- 

- 

2.2 

- 

pF 


STATIC ELECTRICAL CHARACTERISTICS - CA3183 Series 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

T a = 25°C 

Typ. 

Char 

Curve 
Fig. No. 

CA3183A 

CA3183 

Min. | Typ. | Max. 

Min. 

Typ. | Max. 

For Each Transistor: j 

Collector-to-Base 

Breakdown Voltage 

v (BR)CBO 

l C =100/iA, l E =0 

- 

50 


- 

40 

- 

- 

V 

Collector-to-Emitter 

Breakdown Voltage 

v (BR)CEO 

lQ=1mA, l B =0 

- 

40 

- 

- 

30 

- 

- 

V 

Collector-to-Substrate 

Breakdown Voltage 

v (BR)CIO 

l C |=100/iA, l B =0, 
l E =0 

- 

50 

- 

- 

40 

- 

- 

V 

Emitter-to-Base 

Breakdown Voltage 

v (BR)EBO 

l E = 500/iA, l C = 0 

- 

5 


- 

5 

- 

- 

V 

Collector-Cutoff Current 

'CEO 

V C E = 10V, l B = 0 

23 

- 

- 

10 

- 

- 

10 

HA 

Collector-Cutoff Current 

'CBO 

V CB = 10V, l E = 0 

24 

- 

- 

1 

- 

- 

1 

jUA 

DC Forward-Current 

Transfer Ratio 

hFE 

V CE = 3 V, l C = 10mA 

25,26 

40 

- 

- 

40 

- 

- 


VcE = 5V, lc = 50mA 

- 

40 

_ 

- 

40 

- 

- 

Base-to-Emitter Voltage 

V BE 

V CE = 3V, l C = 10mA 

27 

0.65 

0.75 

0.85 

0.65 

0.75 

0.85 

V 

Collector-to-Emitter 

Saturation Voltage 

< 

o 

tn 

lc = 50mA, l B = 5mA 

28 

- 

1.7 

3.0 


1.7 

3.0 

V 

For Transistors Q1 and Q2 (As a Differential Amplifier): | 

Absolute Input Offset 
Voltage 

hoi 

V CE = 3V, 'C = 1mA 

29 


0.47 

5 

- 

0.47 

5 

mV 

Absolute Input Offset 

Current 

I'ioI 

30 

- 

0.78 

2.5 


0.78 

2.5 



//A 


* A maximum dissipation of 5 transistors x 150mW = 750mW is possible for a particular application. 
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CA3146, CA3146A, CA3183, CA3183A 

TYPICAL STATIC CHARACTERISTICS CURVES - CA3146 SERIES 



Fig. 2 - IqE0 vs - ^ A f° ran y transistor. Fig. 3 - I CBO vs - ^ A f° ran Y transistor. t : 



Fig. 4- hp[i vs. Ip for any transistor. 



92CS-J9644 92C3-U447 92CSHS4MR2 

Fig. 5- V qp vs. T/\ for any transistor. Fig. 6- Vpp sat vs. / q for any Fig. 10- V/qvs. T/\ for Q1 and 0.2. 

transistor. 



Fig. 11 - Vq£ and Vjq vs. Ip for Q1 and 0.2. Fig. 12 - l/o i/s. Ip (Q1 and Q2) for types CA3146A 

and C A3 146 



7-55 


ARRAYS 




CA3146, CA3146A, CA3183, CA3183A 


TYPICAL DYNAMIC CHARACTERISTICS CURVES (FOR ANY TRANSISTOR) 




- CA3146 SERIES 



COLLECTOR MILLIAMPERES (I c > 


Fig. 13 - NF vs. !q@ R$ = 50051. Fig. 14 - NF vs. Iq @ R$ = Iki 2. 


Fig. 15 - NF vs. !q@ R§ = 10k 51. 
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Fig. 18 - Yj e vs. f. 



Fig. 19- y oe vs. f. 
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FREQUENCY<f)-MHz 

92CS-H23SR2 

Fig. 20 - y re vs. f. 



Fig. 21 - fjvs. Iq. 



Fig. 22 - Cqq, Cqq, Cqi vs. bias voltage 
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CA3227 

CA3246 


August 1991 


High-Frequency N-P-N Transistor Arrays 
For Low-Power Applications at Frequencies Up to 1.5GHz 


Features 

• Gain-Bandwidth Product (fj) >3GHz 

• Five Transistors on a Common Substrate 

Applications 

• VHF Amplifiers 

• VHF Mixers 

• Multifunction Combinations-RF/Mixer/Oscillator 

• IF Converter 

• IF Amplifiers 

• Sense Amplifiers 

• Synthesizers 

• Synchronous Detectors 

• Cascade Amplifiers 


Schematic Diagrams I 


SUBSTRATE 



FIGURE 1. SCHEMATIC DIAGRAM OF CA3227 


SUBSTRATE 



Description 

The CA3227 and CA3246* consist of five general purpose 
silicon n-p-n transistors on a common monolithic 
substrate. Each of the transistors exhibits a value of fj in 
excess of 3GHz, making them useful from DC to 1.5GHz. 
The monolithic construction of these devices provides close 
electrical and thermal matching of the five transistors. 

The CA3227 is supplied in a 16-lead Small Outline 
package (M suffix) and in 16-lead dual-in-line plastic 
package (E suffix). The CA3246 is supplied in a 14-lead 
Small Outline package (M suffix) and in a 14-lead dual-in- 
line plastic package (E suffix). 

^Formerly RCA Development Nos. TA10854 and TA10855, respectively. 


MAXIMUM RATINGS, Absolute-Maximum Values at T A = 25°C 
POWER DISSIPATION, Pp: 

Any one transistor 85mW 

Total Package: 

For Ta up to 75°C 425mW 

For Ta > 75°C Derate Linearly at 6.67mW/°C 

AMBIENT TEMPERATURE RANGE: 

Operating -55°C to +1 25°C 

Storage -65°Cto+150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 

1 0 seconds max +265°C 

The following ratings apply for each transistor in the device: 

COLLECTOR-TO-EMITTER VOLTAGE, VqeO 8V 

COLLECTOR-TO-BASE VOLTAGE, V CB0 12V 

COLLECTOR-TO-SUBSTRATE VOLTAGE, VgiO § 20V 

COLLECTOR CURRENT, Iq 20mA 


FIGURE 2. SCHEMATIC DIAGRAM OF CA3246 

§The collector of each transistor of these devices is isolated from the substrate by an integral diode. The substrate (terminal 5/CA3227E and terminal 13/ 
CA3246E) must be connected to the most negative point in the external circuit to maintain isolation between transistors and to provide for normal transistor 
action. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1345.1 
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CA3227, CA3246 


STATIC ELECTRICAL CHARACTERISTICS at Ta=25°C 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

| For Each Transistor: | 

Collector-to-Base 

Breakdown Voltage 

V(BR)CBO 

IC=10/;A, 1 E = 0 

12 

20 

- 

V 

Collector-to-Emitter 

Breakdown Voltage 

V(BR)CEO 

IC=1 mA, Ib=0 

8 

10 

- 

V 

Collector-to-Substrate 

Breakdown Voltage 

V(BR)CIO 

ld=10M. 1 B=°. 
I E =0 

20 

- 

- 

V 

Emitter-Cutoff-Current* 

•EBO 

V E B=4.5V f Ic=0 

— 

- 

10 

M 

Collector-Cutoff-Current 

'CEO 

VcE=5 V, Ib=0 

- 

- 

1 

M 

Collector-Cutoff-Current 

ICBO 

Vcb= 8 V, l E =0 

— 

- 

100 

nA 

DC Forward-Current 

Transfer Ratio 

hFE 



— 

110 

— 



40 

150 

- 

Iq= 0.1 mA 

- 

150 

— 

Base-to-Emitter Voltage 

Vbe 

V C E=6 V 


0.62 

0.71 

0.82 

V 

Collector-to-Emitter 

Saturation Voltage 

VcE(sat) 


- 

0.13 

0.50 

V 

Base-to-Emitter 

Saturation Voltage 

VBE(sat) 

Iq= 10 mA, Ib= 1 mA 

0.74 

- 

0.94 

V 


*0n small-geometry, high-frequency transistors, it is very good practice neverto take the Emitter Base Junction into reverse breakdown. To 
do so may permanently degrade the hpE- Hence, the use of I ebO rather than V(BR) EBO- These devices are also susceptible to damage by 
electrostatic discharge and transients in the circuits in which they are used. Moreover, CMOS handling procedures should be employed. 
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CA3227, CA3246 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= 25°C, 200 MHz, Common Emitter 
Typical Valuea Intended Only for Design Guidance 


CHARACTERISTIC 

TEST CONDITIONS 

TYPICAL 

VALUES 

UNITS 

| For Each Transistor | 

Input Admittance, 

■RBTI 


4 

mmho 

911 


0.75 

Output Admittance, 

V 22 ^ 

922 

io— 1 mA * 

2.7 

mmho 

V C E=5 V 

0.13 

Forward Transfer Admittance, 

V Y 21 

Y21 ^7 


29.3 

mmho 


-33 

degrees 

Reverse Transfer Admittance, 

y 12 


0.38 

mmho 

Ylii #12 


-97 

degrees 

Input Admittance, 

911 


4.8 



2.85 

mmho 

Output Admittance, 

Yop b22 


2.75 

2 922 

Iq= 10 mA, 

0.9 


Forward Transfer Admittance, 

«21 

Vce=5 V 

95 



-62 

degrees 

Reverse Transfer Admittance, 

Yl , J12 


0.39 

mmho 

^12 


-97 

degrees 

Small-Signal Forward Current Transfer Ratio 

h 2 i 

Iq— 1 mA, 
Vce=5 V 

7.1 


Iq— 1 0 mA, 
Vce=5 V 

17 


| Typical Capacities @ 1 MHz, Three-Terminal Measurement | 

Collector-to-Base Capacitance, Ccb 

Vcb=6 V 

0.3 

PF 

Collector-to-Substrate Capacitance, Cqi 

Vci=6 V 

1.6 

PF 

Collector-to-Emitter Capacitance, Cce 

VcE=6 V 

0.4 

PF 

Emitter-to-Base Capacitance, Ceb 

V E B=3 V 

0.75 

pF 
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SPECIAL ANALOG CIRCUITS 


SPECIAL ANALOG CIRCUITS DATASHEETS 

CA 555, C Timer 

CA 1391 TV Horizontal Processors 

CA 1394 TV Horizontal Processors 

CA 3089 FM IF System 

CA 3126 TV Chroma Processor 

CA 3189 FM IF System 

CA 31 94 Single Chip PAL Luminance/Chroma Processor 

CA 3217 Single Chip TV Chroma/Luminance Processor 

CA 3256 BiMOS Analog Video Switch and Amplifier 

CD 22402 Sync Generator 

HA 2546 Two Quadrant, Voltage Output Multiplier 

HA 2547 Two Quadrant, Current Output Multiplier 

HA 2556 Wideband Four Quadrant Voltage Output Analog Multiplier 

HA 2557 Wideband Four Quadrant Current Output Analog Multiplier 

ICL 801 3 Four Quadrant Analog Multiplier 

ICL 8038 Precision Waveform Generator/VCO 

ICL 8048 Log Amplifier 

ICL 8049 Antilog Amplifier 

ICM 7242 Long-Range Fixed Timer 

ICM 7555 General Purpose Timer 

ICM 7556 Dual General Purpose Timer 


LM 555C Timer 


PAGE 
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NOTE: Bold type designates a new product from Harris. 
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SPECIAL 

ANALOG CIRCUITS 






® Harris CA555, CA555C, 

LM555C* 

Timers For Timing Delays & Oscillator Applications 
August 1991 in Commercial, Industrial & Military Equipment 


Features 


Description 


o Accurate Timing from Microseconds Through Hours 
® Astable and Monostable Operation 

• Adjustable Duty Cycle 

• Output Capable of Sourcing or Sinking up to 200mA 
o Output Capable of Driving TTL Devices 

• Normally ON and OFF Outputs 

• High-Temperature Stability 0.005%/OC 

° Directly Interchangeable with SE555, NE555, 

MCI 555, and MC1455 

Applications 

• Precision Timing 

® Sequential Timing 
® Time-Delay Generation 
® Pulse Generation 

® Pulse-Width and Position Modulation 
® Pulse Detector 


The CA555 and CA555C are highly stable timers for use in 
precision timing and oscillator applications. As timers, these 
monolithic integrated circuits are capable of producing 
accurate time delays for periods ranging from 
microseconds through hours. These devices are also useful 
for astable oscillator operation and can maintain an accu- 
rately controlled free-running frequency and duty cycle with 
only two external resistors and one capacitor. 

The circuits of the CA555 and CA555C may be triggered by 
the falling edge of the wave-form signal, and the output of 
these circuits can source or sink up to a 200-milliampere 
current or drive TTL circuits. 

The CA555 and CA555C are supplied in standard 8-lead 
TO-5 style packages (T suffix), 8-lead TO-5 style packages 
with dual-in-line formed leads (DIL-CAN, S suffix), 8-lead 
Small Outline package (M suffix), 8-lead dual-in-line plas- 
tic packages (MINI-DIP, E suffix), and in chip form (H suf- 
fix). These types are direct replacement for industry types in 
packages with similar terminal arrangements e.g. SE555 
and NE555, MCI 555 and MCI 455, respectively. The 
CA555 type circuits are intended for applications requiring 
premium electrical performance. The CA555C type circuits 
are intended for applications requiring less stringent electri- 
cal characteristics. 


Pinouts 

CA555, CA555C, LM555C 
8 PIN MINI-DIP 



TOP VIEW 


GND [T 

\s 

T] v+ 

TRIGGER QT 


T] DISCHARGE 

OUTPUT [T 


IF] THRESHOLD 

RESET [T 


"£] CONTROL 
— VOLTAGE 

TO-5 Style Package with Formed Leads 


CA555, CA555C, LM555C 
8 LEAD METAL CAN 
TOP VIEW 



Functional Diagram 


CONTROL 

VOLTAGE 



TO-5 Style Package 



•Technical Data on LM Branded types is identical to the corresponding CA Branded types. 

CAUTION: These devices are sensitive to electrostatic discharghe. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 8-3 


File Number 834.1 


SPECIAL 

ANALOG CIRCUITS 






Specifications CA555, CA555C, LM555C 


Absolute Maximum Ratings Absolute-Maximum Values Ambient Temperature Range: 


DC Supply Voltage 18V 

Device Dissipation: 

Up to Ta = +55°C 600mW 

Above Ta = +55°C Derate Linearly 5mW/°C 


irv Operating CA555 -55°C to +1 25°C 

CA555C 0°Cto+70°C 

600mW Storage Temperature Range -65°C to +1 50°C 

Derate Linearly 5mW/°C Lead Temperature (During Soldering): At distance 1/16 ± 1/32in. 

(1 .59 ± 0.79mm) from case for 1 0s max +265°C 


Electrical Characteristics Ta = +250C, V+ = 5V to 15V Unless Otherwise specified 


LIMITS 


CHARACTERISTICS 


DC Supply Voltage, V+ 


DC Supply Current 
(Low State), Note 1 , 1+ 


Threshold Voltage, Vjh 


Trigger Voltage 


Trigger Current 


Threshold Current, 
Note 2, Ijh 


Reset Voltage 


Reset Current 


Control Voltage Level 


TEST CONDITIONS 


Output Voltage Drop: 
Low State, Vql 



Output Voltage Droop: 
High State, Vqh 


V+-5V 


V+ = 15V 


V+ = 5 V, IsiNK = 5mA 


•SINK = 8mA 


V+ = 15V, IsiNK =10mA 


•SINK = 50mA 


•SINK = 100mA 


•SINK = 200mA 


V+ = 5V, 

•SOURCE =100mA 


V+ = 1 5V, 
■SOURCE =100mA 


■SOURCE = 200mA 


Timing Error (Monostable): Ri , R 2 = 1 kfl to 1 OOkO, 

C = 0.1 pF Tested at 

Frequency Drift with V+ = 5 V, 

Temperature V+ = 1 5V 

Drift with Supply Voltage 


Ouput Rise Time, t r 


Ouput Fall Time, tf 


NOTES: 

1 . When the output is in a high state, the DC supply current is typically 1 mA 
less than the low-state value. 

2. The threshold current will determine the sum of the values of R-| and R 2 
to be used in Figure 15 (astable operation); the maximum total R-j + R 2 = 
20MH. 


0.1 

0.25 

0.1 

0.15 
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SOURCE CURRENT (IsOURCE^ — m A 

FIGURE 4. OUTPUT VOLTAGE DROP (HIGH STATE) vs 
SOURCE CURRENT 



‘ SUPPLY VOLTAGE lv T l'5V H j 

:=p:: 4- i i L j.. T 


SINK CURRENT (IsiNK >-">A 

FIGURE 5. OUTPUT VOLTAGE-LOW STATE vs SINK 
CURRENT AT V+ = 5V 



FIGURE 6. OUTPUT VOLTAGE-LOW STATE vs SINK 
CURRENT AT V+ = 10V 


SINK CURRENT (I S | NK >-mA 

FIGURE 7. OUTPUT VOLTAGE-LOW STATE vs SINK 
CURRENT AT V+ = 15V 




SUPPLY VOLTAGE (V+J -V 

FIGURE 8. DELAY TIME vs SUPPLY VOLTAGE 


-75 - 50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (T A )-*C 

FIGURE 9. DELAY TIME vs TEMPERATURE 



WHERE * IS THE DECIMAL MULTIPLIER OF THE SUPPLY VOLTAGE 

FIGURE 10. PROPAGATION DELAY TIME vs TRIGGER VOLTAGE 
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CA555, CA555C, LM555C 


Typical Applications 

Reset Timer (Monostable Operation) 

Figure 1 1 shows the CA555 connected as a reset timer. In 
this mode of operation capacitor Cj is initially held 
discharged by a transistor on the integrated circuit. Upon 
closing the “start” switch, or applying a negative trigger 
pulse to terminal 2, the integral timer flip-flop is “set” and 
releases the short circuit across Cj which drives the output 
voltage “high” (relay energized). The action allows the volt- 
age across the capacitor to increase exponentially with the 
constant t = R-jCt. When the voltage across the capacitor 
equals 2/3 V+, the comparator resets the flip-flop which in 
turn discharges the capacitor rapidly and drives the output 
to its low state. 


3V SWITCH sr'OPEN" 
INPUT 

VOLTAGE (TERMINAL 2) 

SWITCH SI “CLOSED" 
0 



3.3V 

CAPACITOR 

VOLTAGE (TERMINALS 6,7) 
0 




OUTPUT 
VOLTAGE 
(TERMINAL 3) 


0 


lr 


FIGURE 12. TYPICAL WAVEFORMS FOR RESET TIMER 



ALL RESISTANCE VALUES ARE IN OHMS 


FIGURE 11. RESET TIMER (MONOSTABLE OPERATION) 



FIGURE 13. TIME DELAY vs RESISTANCE AND 
CAPACITANCE 


Since the charge rate and threshold level of the are both 
directly proportional to V+, the timing interval is relatively 
independent of supply voltage variations. Typically, the 
timing varies only 0.05% for a IV change in V+. 

Applying a negative pulse simultaneously to the reset 
terminal (4) and the trigger terminal (2) during the timing 
cycle discharges Cj and causes the timing cycle to restart. 
Momentarily closing only the reset switch during the timing 
interval discharges Cj, but the timing cycle does not restart. 

Figure 12 shows the typical waveforms generated during 
this mode of operation, and Figure 13 gives the family of 
time delay curves with variations in Ri and Cj. 

Repeat Cycle Timer (Astable Operation) 

Figure 14 shows the CA555 connected as a repeat cycle 
timer. In this mode of operation, the total period is a function 
of both RI and R2. 


v+ 



FIGURE 14. REPEAT CYCLE TIMER 

(ASTABLE OPERATIONAL) 


T = 0.693 (R 1 +2R2)CT = ti +t2 
where t-| = 0.693 (R-| =R 2 )Cj 
and t2 = 0.693 (R2)CT 
the duty cycle is: 

*2 = r 2 
t-|+t2 Ri+2R2 


Typical waveforms generated during this mode of operation 
are shown in Figure 1 5. Figure 1 6 give the family of curves 
of free running frequency with variations in the value of (Ri 
+ 2 R 2 ) and Cj. 
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CA555. CA555C, LM555C 


SSISSISiISSIh 


lukwkisikvsikwkvaki 


Top Trace: Output voltage (2V/div. and 
0.5 ms/div.) 

Bottom Trace: Capacitor voltage (1 V/ 
div. and 0.5 ms/div.) 




FIGURE 15. TYPICAL WAVEFORMS FOR REPEAT CYCLE 
TIMER 


FIGURE 16. FREE RUNNING FREQUENCY OF REPEAT 
CYCLE TIMER WITH VARIATION IN 
CAPACITANCE AND RESISTANCE 
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CA1391 

CA1394 


August 1991 


TV Horizontal Processors 


Features 

• CA1391E - Positive Horizontal Sawtooth Input 

• CA1394E - Negative Horizontal Sawtooth Input 

• Internal Shunt Regulator 

• Linear Balanced Phase Detector 

• Preset Hold Control Capability 

• Pull-In ±300Hz (Typ.) 

• Low Thermal Frequency Drift 

• Small Static Phase Error 

• Variable Output Duty Cycle 

• Adjustable DC Loop Gain 


Pinout 

CA1391E, CA1394E 
(PLASTIC MINI-DIP) 
TOP VIEW 


MARK -SPACE 
RATIO 


6j V+ 

3 PHASE 
DETECT 
OUT 

HORIZONTAL 
SAWTOOTH Q- 
INPUT 


Description 

The Harris CA1391E and CA1394E are monolithic 
integrated circuits designed for use in the low-level 
horizontal section of monochrome or color television 
receivers. Functions include a phase detector, an oscillator, 
a regulator, and a pre-driver. 

The CA1391 E and CA1394E are electrically equivalent and 
pin compatible with industry types 1391 and 1394 in similar 
packages. 

These types are supplied in an 8-lead dual-in-line plastic 
(Mini-DIP) package, and operate over an ambient 
temperature range of 0 to +85°C. 


Functional Block Diagram 


PHASE 

DETECTOR 

OUTPUT 




MARK -SPACE 
RATIO 


FIGURE 1. FUNCTIONAL BLOCK DIAGRAM OF THE CA1391E, CA1394E 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 
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CA1391 , CA1394 




Fig. 2 — Schematic diagram of CA 1391E, CA 1394E. 
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Specifications CA 1391, CA 1394 


Absolute Maximum Ratings Ta = 25^0, Unless Otherwise Specified. 


DC Supply Current 40mA 

DC Output Voltage 40V 

DC Output Current 30mA 

Sync Input Voltage 5Vp_p 

Sawtooth Input Voltage 5Vp_p 

Device Dissipation: 

UptoT A = 250C 625mW 

Above = 25°C Derate Linearly 5mW/°C 

Ambient Temperature Range: 

Operating 0to+85OC 

Storage -65 to +1 50OC 

Lead Temperature (During Soldering): 

At Distance 1 /1 6 ±1 /32 in. (1 .59 ± 0.79mm) from Case for 1 0 Seconds Max +260°C 

Thermal Resistance 200°C/W 


ELECTRICAL CHARACTERISTICS atTA = 25°C (See Fig.3) 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Supply Voltage 

51, S5, S6 = 2 

52, S3, S4, S7, S8 = 1 
Measure term. 6 to Gnd 

8 


9 

V 

Free-Running 

Frequency 

51 , S5, S6 = 2 

52, S3, S4, S7, S8 = 1 
Counter to term. 1 

14734 

■ 

16734 

Hz 

Output Leakage 

S2, S3, S6, S8 = 1 

SI , S4, S5, S7 = 2 

Measure term. 1 to 25 V 

■ 

10 

■ 

mV 

Output Saturation 

S2, S3, S5, S6, S8 = 1 

SI , S4, S7 = 2 

Measure term. 1 to Gnd 

- 

60 

B 

mV 

Phase Detector Bias 

S2,S5,S6, S8 = 1 

SI, S3, S4, S7 = 2 

Measure term. 3 to Gnd 

■ 

1.9 

B 

V 

' Phase Detector Leak 

S5, S8 = 1 

SI, S2, S3, S4,S6,S7 = 2 
Measure term. 5 to +4 V 

-2 

■ 

+2 

mV 

Phase Detector Low 

51 , S5, S8 = 1 

52, S3, S4, S6, S7 = 2 
Measure term. 5 to +4 V 

—0.55* 

■ 

- 

V 

Phase Detector High 

S1,S5,S6, S8 = 1 

S2, S3, S4, S7 = 2 

Measure term. 5 to +4 V 

+0.55* 


- 

V 

Phase Detector Balance 

VDET2 + VDET3 

-100 

_ 

+ 100 

mom 

Sync Diode 

SI, S2, S3, S4,S6,S7= 1 
S5, S8 = 2 

0.3 

- 

1.2 

ID 

Static Phase Error 

See Fig. 4 

- 

0.5 

- 

MS 

Oscillator Pull-in Range 

- 

iTiB 

m 

Hz 

Oscillator Hold-in Range 

- 


■ 

Hz 


* Polarity reversed in the CA1 391. 
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CAT 391, CAT 394 


CIRCUIT OPERATION 
(See schematic diagram. Fig. 2) 

The CA1391 and CA1394 contain the oscil- 
lator, phase detector, and predriver sections 
necessary for the television horizontal oscil- 
lator and AFC loop. 

The oscillator is an RC type with terminal 7 
used to control the timing. If it is assumed 
that Q7 is initially off, then an external 
capacitor connected from terminal 7 to 
ground charges through an external resistance 
connected between terminals 6 and 7. As 
soon as the voltage at terminal 7 exceeds the 
potential set at the base of Q8 by resistors 
R1 1 and R12, Q7 turns on, and Q6 supplies 
base current to Q5 and Q10. Transistor Q5 
discharges the capacitor through R4 until 
the base bias of Q7 falls below that of Q8, 
at which time, Q7 turns off, and the cycle 
repeats. 

The sawtooth generated at the base of Q4 
appears across R3 and turn off Q3 whenever 
the sawtooth voltage rises to a value that 
exceeds the bias set at terminal 8. By ad- 
justing the potential at terminal 8, the duty 
cycle at the pre-drive output (terminal 1) 
may be changed. 


The phase detector is isolated from the 
remainder of the circuit by R31, Z2, Q15 
and Q16. The phase detector consists of 
the comparator Q22 and Q23, and the gated 
current source Q18. Negative-going sync 
pulses at terminal 3 turn off Q17, and the 
current division between Q22 and Q23 is 
then determined by the phase relationship 
of the sync and the sawtooth waveform at 
terminal 4, which is derived from the hori- 
zontal flyback pulse. If there is no phase 
difference between the sync and sawtooth, 
equal currents flow in the collectors of Q22 
and Q23 during each half of the sync pulse 
period. The current in Q22 is turned around 
by current mirror Q20 and Q2 1 so that there 
is no net output current at terminal 5 for 
balanced conditons. When a phase offset 
occurs, current flows either in or out of 
terminal 5. In circuit applications, this ter- 
minal is connected to terminal 7 through an 
external low-pass filter, thereby controlling 
the oscillator. 

Shunt regulation for the circuit is obtained 
by using a VbE and zener multiplier. Re- 
sistors R13 and R14 multiply the Vbe of 
Q11, and the ratio of R15 and R16 mul- 
tiplies the voltage of the zener diode Z1. 



92CS-2875I 


Fig. 5 —Duty cycle at the pre-drive output (term. 1) 
as it is affected by the input at term. 8. 
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Features 

• For FM IF Amplifier Applications in High-Fidelity, 
Automotive, and Communications Receivers 

• Includes: IF Amplifier, Quadrature Detector, AF 
Preamplifier, and Specific Circuits for AGC, AFC, 
Muting (Squelch), and Tuning Meter 

• Exceptional Limiting Sensitivity 1 2|iV (Typ.) 

@ -3dB Point 

• Low Distortion: 

(with Double-Tuned Coil) 0.1% (Typ.) 

• Single-Coil Tuning Capability 

• High Recovered Audio 400mV (Typ.) 

• Provides Specific Signal for Control of Interchannel 
Muting (Squelch) 

• Provides Specific Signal for Direct Drive of a Tuning 
Meter 

• Provides Delayed AGC Voltage for RF Amplifier 

• Provides a Specific Circuit for Flexible AFC 

• Internal Supply-Voltage Regulators 


Description 

Harris CA3089E is a monolithic integrated circuit that 
provides all the functions of a comprehensive FM-IF 
system. Figure 1 is a block diagram showing the CA3089E 
features, which include a three-stage FM-IF amplifier/ 
limiter configuration with level detectors for each stage, a 
doubly-balanced quadrature FM detector and an audio 
amplifier that features the optional use of a muting (squelch) 
circuit. 

The advanced circuit design of the IF system includes 
desirable deluxe features such as delayed AGC for the RF 
tuner, and AFC drive circuit, and an output signal to drive a 
tuning meter and/or provide stereo switching logic. In 
addition, internal power supply regulators maintain a nearly 
constant current drain over the voltage supply range of +8.5 
to +16 volts. 

The CA3089E is ideal for high-fidelity operation. Distortion 
in a CA3089E FM-IF System is primarily a function of the 
phase linearity characteristic of the outboard detector coil. 

The CA3089E utilizes the 16-lead dual-in-line plastic 
package and can operate over the ambient temperature 
range of -40°C to +85°C. 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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CA3089 



d> 


-vw 

R| 

30 K 




< 6 > 



LEVEL DETECTOR a METER CIRCUIT 


Fig. 2 - Schematic diagram of the CA3089E (cont’d on next page). 
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CA3089 



Fig. 2 - Schematic diagram of the CA3089E ( cont’d from previous page). 
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Specifications C A3 089 


MAXIMUM RATINGS, Absolute Maximum Values 

DC Supply Voltage: 

Between Terminals 1 1 and 4 

Between Terminals 1 1 and 14 

DC Current (out of Terminal 1 5) 

Device Dissipation: 

Up to T A = 60°C 

Above T a = 60 C derate linearly 

Ambient Temperature Range: 

Operating 

Storage 

Lead Temperature (During Soldering): 

At distance not less than 1/32" (0.79mm) from case for 10 seconds max. . 


16 

V 

16 

V 

2 

mA 

600 

mW 

6.7 

mW/°C 

40 to + 85 

°C 

-65 to +150 

°c 


+265 °C 


ELECTRICAL CHARACTERISTICS, at T A = 25°C, V+= 12 Volts (See Figs. 5 and 6) 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

u 

N 

1 

T 

S 


BBS 

Max. 

Static (DC) Characteristics | 

Quiescent Circuit Current 

No signal input, 

Non muted 

16 

23 

30 

mA 

DC Voltages: 

Terminal 1 (IF Input) 

1.2 

1.9 

2.4 

V 

Terminal 2 (AC Return to Input) 

1.2 

1.9 

2.4 

V 

Terminal 3 (DC Bias to Input) 

1.2 

1.9 

2.4 

V 

Terminal 6 (Audio Output) 

5.0 

5.6 

6.0 

V 

Terminal 10 (DC Reference) 

5.0 

5.6 

6.0 

V 

| Dynamic Characteristics | 

Input Limiting Voltage (—3 dB point), 

Vt (lim) 

_ 

fo = 

10.7 MHz, 

fmod. = 

400 Hz, 

Deviation = 
±75 kHz 

_ 

12 

25 

mV 

AM Rejection (Term. 6), AMR 

V |N = 0.1V, 
AM Mod. = 30% 

45 

55 

- 

dB 

Recovered AF Voltage (Term. 6) 

Vq (AF) 

V| N = 0.1 V 

300 

400 

500 

mV 

Total Harmonic Distortion, THD:* 

Single Tuned (Term. 6) 

_ 

0.5 

1.0 

% 

Double Tuned (Term. 6) 

- 

0.1 

- 

% 

Signal plus Noise to Noise Ratio (Term. 6) 

60 

67 

- 

dB 


*THD characteristics are essentially a function of the phase characteristics of the network connected 
between terminals 8,9, and 10. 


■l 
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■i 
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■i 
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81 Hi 
111 111 

;i i iiiiiiiiiiiiiiiiiiiiiiiii 
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:: : iiiiiiiiiiiiiiiiiiiiiiiii 


1111 

s ::: 

ill IP; 

|« i 

ii ! i!llli!i!!!liiilii!ii!ii!l 


-100 -50 o 50 100 

CHANGE IN FREQUENCY iai)-kHx 

92CS-W04W 


Fig. 3 — AFC characteristics (current at Term. 7) 
as a function of change in frequency. 
(See test circuit Fig. 5.) 



Fig. 4 — Muting action, tuner AGC, and tuning 
meter output as a function of input 
signal voltage. (See test circuit Fig. 5.) 


8-17 


SPECIAL 

ANALOG CIRCUITS 













CA3089 



*L TUNES WITH 100 pF (C) AT 10 7 MHz 
Q 0 <UNL0ADED)3 75 (G I AUTOMATIC MFG DIV EX2274I OR EQUIVALENT) 


Fig. 5 — Test circuit for CA3089E using a single- 
tuned detector coil. 



* T PRI -Q 0 (UNLOADED)S 75ITUNES WITH 100 pF (Cl) 201 OF 34e ON 7/32" Dl A FORM 
SEC -Q 0 (UNLOADED) = 75 (TUNES WITH IOOpF(C2) 201 OF 34e ON 7/32"DIA FORM 
kQ(PER CENT OF CRITICAL COUPLING) S 70 % 

(ADJUSTED TOR COIL VOLTAGE V c )M50inV 
ABOVE VALUES PERMIT PROPER OPERATION OF MUTE (SQUELCH) CIRCUIT 
“E" TYPE SLUGS.SPACING 4mm 


Fig. 6 — Test circuit for CA3089E using a double- 
tuned detector coil. 




Fig. 7 - Actual size photographs of the CA3089E 
and outboard components mounted on a 
printed-circuit board. 
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ALL RESISTANCE VALUES ARE IN OHMS 

* WALLER 4SN3FIC OR EQUIVALENT 

* * MURATA SFG 10.7 MA OR EQUIVALENT 
• L TUNES WITH 100 pF (C) AT 107 MHz 

Q 0 UNLOADED -75 (G-I EX2274I OR EQUIVALENT) 


92CS-I9045 


Performance data at f 0 = 98 MHz, fftioD = 400 Hz, 
Deviation =i 75 kHz: 

•3dB Limiting Sensitivity 2/iV (Antenna Level) 

20dB Quieting Sensitivity IjiV (Antenna Level) 

30dB Quieting Sensitivity .... 1 5i;V (Antenna Level) 

Fig. 8 - Typical FM tuner using the CA3089E 
with a single-tuned detector coil. 
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CA3126 


August 1991 


TV Chroma Processor 


Features 


Pinout 


• Phase-Locked Subcarrier Regeneration Utilizes Sample-and- 
Hold Techniques 

• Automatic Chrominance Control (ACC)/Killer Detector Employs 
SampIe-and-Hold ^Techniques 

• Supplementary ACC with an Overload Detector to Prevent 
Oversaturation of this Picture Tube 

• Sinusoidal Subcarrier Output 

• Keyed Chroma Output 

• Emitter-Follower Buffered Outputs for Low Output Impedance 

• Linear DC Saturation Control 


CA3126E (PLASTIC DIP) 
CA3126Q QUAD IN-LINE PLASTIC 
TOP VIEW 


CHROMA IN 1 


SUBSTRATE Hf 
(GND) *— 


— , CHROMA GAIN 
2®] CONTROL 

15| CHROMA OUT 


| OVERLOAD 
I DETECT 


Description 

Harris CA3126 is a monolithic silicon integrated circuit designed for 
chroma processing applications in color TV receivers. It is compatible with 
the CA3067 chroma demodulator as well as other chroma demodulators. 

The CA3126 is supplied in a 16-lead dual-in-line plastic package 
(E Suffix) and in a 16-lead quad-in-line plastic package (Q Suffix). 


CARRIER OUT 8 


Block Diagram 


CRYSTAL 

— 1( — WV-f - 680ft FILTER 20pF 


i MANUAL 
CHROMA GAIN 
, CONTROL 


< KILLER 

<1.2 Kft FILTER 


T -TlT 

-77-/4 
0 SHIFTER 


+ 7774 
0 SHIFTER 


„ D.C. CONTR. 

. BALANCED VCO 
0 SHIFTER r- 


J OVERLOAD L COUPLING 

1 DETECTOR P NETWORK 


> BALANCE- 
: UNBALANCE - 
* TRANSLATOR 


SUPPLY 
VOLTAGE 
O +24 V 


00 , ^±a m cc± 00 ^ f 


FIGURE 1. BLOCK DIAGRAM OF CA3126 TV CHROMA PROCESSOR 


^L-0.05 ] 

■3r ■ M F J*QOl[ CHROMA 

'T>f OUTPUT 


2 Kft 5 ^ s W,DTH 
HORIZONTAL 
KEY INPUT 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 


File Number 860.1 
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Specifications CA3126 


MAXIMUM RATINGS, Absolute-Maximum Values at T A = 25° C 
DEVICE DISSIPATION: 

Up to Ta = 55° C 

Above Ta = 55° C 

DC SUPPLY VOLTAGE (Across Terms. 5 and 12) A 

DC CURRENT: 

Into Term. 12 

Into Term. 14 

DC VOLTAGE (Terminal 9): 

Negative Rating 

Positive Rating 

AMBIENT TEMPERATURE RANGE: 

Operating 

Storage 

LEAD TEMPERATURE (During Soldering): 

At a distance not less than 1/32 in (0.79 mm) 

from case for seconds max 


750 mW 

derate linearly 7.9 mW/° C 
13.2 V 

38 mA 

20 mA 


-5 V 
3 V 


-40 to +85° C 
-65 to +150° C 


+265° C 


A This rating does not apply when using the internal zener reference in conjunction with an external pass transistor. 


ELECTRICAL CHARACTERISTICS 

Test Conditions: T^ = 25°C, chroma control at maximum position for all characteristics tests except for chroma output test. 

For this test, control should be set at minimum position. Electrical characteristics referenced to test circuit, Fig.2. 


CHARACTERISTIC 

TERMINAL, 
MEASURE- 
MENT, AND 
SYMBOL 

SWITCH POS. 

CHROMA 

INPUT 

TP1 

LIMITS 

UNITS 

SI 

S2 

Min. 

Typ. 

Max. 

Static Characteristics | 

Voltage Regulator 

V 12 

ro 

2 

0 

10.1 

11.2 

12.1 

V 

Supply Current 

1 1 2 

2 

2 

0 

16 

25 

38 

mA 

Dynamic Characteristics (See Note 1) j 

Pull-in Range* 

V 8 

* 

2 

0.5 V p . p 

±250 

- 

- 

Hz 

Oscillator Output 

v 8 

2 

2 

0 

0.6 

1.0 

- 

Vp 

100% Chroma Output 

V 15 

1 

2 

0-5 Vp.p 

1.4 

2.7 

- 

Vp 

Overload Detector 

Vl6 

1 

1 

°' 5 Vp 

0.4 

- 

0.7 

v p-p 

Minimum Chroma Output 

V 15 

1 

2 

0.5V p . p 

- 

- 

20 

Q. 

CL 

> 

E 

200% Chroma Output 

v 15 

1 

2 

1V PP 

70 

100 

140 

% of 

100% 

reading 

20% Chroma Output 

v 15 

1 

2 

0.1 V P 

40 

- 

105 

Kill Level 

V TP1 

1 

2 

vary 

5 

- 

60 

Q. 

Q. 

> 

E 


Note 1 : Except for pull-in range testing, tune oscillator trimmer capacitor for free-running frequency of 3.579545 MHz ± 10 Hz. 
Set Switch 1 to Position 2, detune oscillator ± 250 Hz, set Switch 1 to Position 1, and check for oscillator pull-in. 
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250 > 1 


L-Ltird 


ACC 

DETECTOR 
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~! iss 
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OVERLOAD | I 
DETECTOR . 
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Fig. 2- Schematic diagram of the CA3126. 
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Fig. 2 — Schematic diagram of the CA3126 (cont’d). 
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— 5 fj.% CENTERED ON BURST 


92CL-24998 


Fig. 3 — Test circuit for CA3126. 


CIRCUIT DESCRIPTION 

The following paragraphs briefly describe the circuit operation 
of the CA31 26 (shown in Figs. 1 and 2). A detailed description 
of the operation of various portions of the CA31 26 is given in 
ICAN-6247, “Application of the CA3126 Chroma-Processing 
1C Using Sample-and-Hold Techniques”. 

The chroma input is applied to Terminal 1 through the desired 
band-shaping network. A 2,450-ohm resistor should be placed 
in series with Terminal 1 to minimize oscillator pickup in the 
first chroma amplifier. This amplifier supplies signals to the 
second chroma amplifier and to the ACC and AFPC detectors. 
The first chroma amplifier is gain-controlled by the ACC 
amplifier. 


A horizontal keying pulse is applied to Terminal 9. This pulse 
must be present to ensure proper operation of the oscillator 
circuit. The subcarrier burst is sampled during the keying 
interval in the AFPC detector. The error voltage, produced at 
Terminal 2 and proportional to the burst phase, is compared 
to the quiescent bias voltage at Terminal 3 by the sample-and- 
hold circuitry. This “compared" voltage controls the phase- 
shifting network in the phase-locked loop. The operation of the 
AFPC loop is independent of any external adjustments or 
voltages except for an initial capacitor adjustment to set the 
free-running frequency. 
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The regenerated oscillator signal at Terminal 8 is applied 
internally to the AFPC and ACC detectors through +45- and 
-45-degree phase-shifter networks to establish the proper 
phase relationship for these detectors. The ACC detector, 
which also samples the burst during the keying interval, 
produces a correction voltage proportional to the burst ampli- 
tude. The correction voltage is compared to the quiescent bias 
level using sample-and-hold circuitry similar to that used in the 
AFPC portion of the circuit. The "compared" voltage is applied 
internally to the ACC amplifier and killer amplifier. Because 
the amplifier gains and killer threshold are determined by the 
ratios of the internal resistors, these functions are independent 
of external voltages or controls. 

The attenuated chroma signal is fed to the second chroma 
amplifier, where the burst is removed by keyer action. The 
killer amplifier, the chroma gain control, and the overload 
detector control the action of the second chroma amplifier, 
whose gain is proportional to the dc voltage at Terminal 16. 
The overload detector (Terminal 13) receives a sample of the 
chroma output (Terminal 15) and detects the peak of the signal. 
The detected voltage is stored in an external capacitor con- 
nected to Terminal 16. This stored voltage on Terminal 16 
affects the gain of the second chroma in the same manner as 
the chroma gain control. 

APPLICATIONS INFORMATION 
General Considerations 

The block diagram shown in Fig. 1 is typical of the type of 
circuit used in the practical application of the CA3126. Sev- 
eral items are critical for proper operation of the circuit. 

1. A series resistor of approximately 2,450 ohms (or high 
source impedance) must be used at the chroma input, 
Terminal 1. This high impedance minimizes pickup of 
unbalanced currents, particularly of the subcarrier oscillator 
signal. 

2. When the overload detector is used, a large resistor (nom- 
inally 47,000 ohms) must be placed in series with Terminal 
16 to set the required RC time constant. The same RC 
network series serves to set the killer time constant. 

3. The setting of the free-running oscillator frequency requires 
the presence of the keying pulse. The free-running frequency 
will be erroneous if Terminal 1 is dc shorted during the 
setting operation because of the dc offset voltage introduced 
to the AFPC detector. 

4. Care must be taken in PC board designs to provide 
reasonable isolation between the oscillator portion of the 
circuit (Terminals 6, 7, and 8) and the chroma input 
(Terminal 1). 

Overload Detector 

The overload detector accomplishes two purposes: 

1. It prevents oversaturation due to low burst-to-chroma 
ratios. 

2. It prevents overload conditions due to noise. 

Both of these conditions are discussed in more detail in 
ICAN-6247. The extent to which the overload detector is used 
depends upon the individual receiver design goals. If greater 
than 0.5-volt peak-to-peak output is desired, the chroma 
output at Terminal 15 can be tapped to yield any desired 
degree of overload detector action. 


Chroma Gain Control 

The chroma gain control operates by varying the base bias on 
current source transistor Q25. To ensure proper temperature 
tracking of the chroma gain control, it is essential that the 
control be operated from a supply source derived from the 
reference voltage at Terminal 12. Because the control operates 
from a current source, chroma gain is much more predictable 
and far less temperature sensitive than controls that steer 
current by means of a differential amplifier. The typical chroma 
gain characteristic for the CA3126 is shown in Fig. 4. 



92CS -24999 


Fig. 4— Chroma gain control. 


Subcarrier Regenerator Oscillator 

The oscillator filter consists of a 3.579545-MHz crystal, a 
680-ohm resistor, and a 10-pF capacitor connected in series 
across Terminals 6 and 7. A 33-pF capacitor, shunt connected 
from Terminal 7 to ground, rolls off higher-order harmonics, 
thereby preventing oscillation at the crystal third-harmonic 
frequency. A curve of the typical static phase error as a 
function of the free-running oscillator frequency is shown in 
Fig. 5. It should be noted that the slope of the curve determines 
the dc gain of the phase-locked loop, i.e., 40 Hz per degree. 



OSCILLATOR FREE-RUNNING FREQUENCY — DEVIATION 
IN Hz FROM 3.579545 MHz 

92CS -25000 


Fig. 5— Static phase error. 
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Thermal Considerations 

The circuit of the CA3126 is thermally compensated to 
achieve the optimal operating characteristics over the normal 
operating temperature range of TV receivers. Figs. 6 and 7 
show the oscillator- and chroma-output amplitudes and phases 
as a function of temperature (Terminals 8 and 15), respectively. 


Both the oscillator- and chroma-output amplitudes and phases 
are measured relative to the chroma-input phase. The per- 
formance of the oscillator free-running frequency as a function 
of temperature is shown in Fig. 8. All the temperature plots are 
characteristic of the test circuit with the indicated component 
types and values given in Fig. 3. 



Fig. 6— Amplitude and phase variations of oscillator 
output vs. temperature. 



92CS-25002 


Fig. 7— Amplitude and phase variations of chroma 
output vs. temperature. 



Fig. 8— Variation of oscillator free-running frequency vs. temperature. 







CA3189 


August 1991 


FM IF System 


Features 

• Includes IF Amplifier, Quadrature Detector, AF 
Preamplifier, and Specific Circuits for AGC, AFC, 
Tuning Meter, Deviation-Noise Muting, and ON 
Channel Detector 

• For FM IF Amplifier Applications in High-Fidelity, 
Automotive, and Communications Receivers 


• Exceptional Limiting Sensitivity 12 jjV (Typ.) 

@-3dB Point 

• Low Distortion 0.1% (Typ.) 


(with Double-Tuned Coil) 

• Single-Coil Tuning Capability 

• Improved S + N/N Ratio 

• Externally Programmable Recovered Audio Level 

• Provides Specific Signal for Control of Interchannel 
Muting (Squelch) 

• Provides Specific Signal for Direct Drive of a Tuning 
Meter 

• On Channel Step for Search Control 

• Provides Programmable AGC Voltage for RF 
Amplifier 

• Provides a Specific Circuit for Flexible Audio 
Output 

• Internal Supply-Voltage Regulators 

• Externally Programmable “On” Channel Step 
Width, and Deviation at Which Muting Occurs 

Pinout 

CA3189E (PLASTIC DIP) 

TOP VIEW 



Description 

The Harris CA3189E* is a monolithic intergrated circuit that 
provides all the functions of a comprehensive FM-IF sys- 
tem. Figure 1 shows a block diagram of the CA3189E, 
which includes a three-stage FM-IF amplifier/limiter config- 
uration with level detectors for each stage, a doubly-bal- 
anced quadrature FM detector and an audio amplifier that 
features the optional use of a muting (squelch) circuit. 

The advanced circuit design of the IF system includes 
desirable deluxe features such as programmable delayed 
AGC for the RF tuner, an AFC drive circuit, and an output 
signal to drive a tuning meter and/or provide stereo 
switching logic. In addition, internal power-supply 
regulators maintain a nearly constant current drain over the 
voltage supply range of +8.5 to +1 6 Volts. 

The CA3189E is ideal for high-fidelity operation. Distortion 
in a CA3189E FM-IF System is primarily a function of the 
phase linearity characteristic of the outboard detector coil. 

The CA3189E has all the features of the CA3089E plus 
additions. See CA3189E features compared to the 
CA3089E in Table 1. 

The CA3189E utilizes the 16-lead dual-in-line plastic 
package and can operate over the ambient temperature 
range of -40°C to +85°C. 

‘Formerly Developmental Type No. TA10038. 


Absolute Maximum Raglngs T A = 25°C 
DC Supply Voltage 

(Between Terms. 1 1 and 4) 16V 

(Between Terms. 1 1 and 14) 16V 

DC Current (Out of Term. 15) 2mA 

Device Dissipation: 

UptoT A = 85°C 640mW 

Above T a = 85°C Derate Linearly at 9.9mW/°C 

Ambient Temperature Range 

Operating -40 to +85°C 

Storage -65 to +1 50°C 

Lead Temperature (During Soldering): 

At Distance Not Less Than 1/32 Inch (0.79mm) 

from Case for 1 0s Max +265°C 


CAUTION: These devices are sensitive to electrostatic discharge. Proper i.C. handling procedures should be followed. pjjg Number 1 046.1 

Copyright © Harris Corporation 1 991 
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ELECTRICAL CHARACTERISTICS, at T A = 25°C, V + = 12 Volts 




TEST CONDITIONS 

LIMITS 


CHARAC- 

TERISTIC 

SYMBOL 


Circuit 

or 

Fig. No. 

Min. 

Typ. 

Max. 

UNITS 

Static (DC) Characteristics 

Quiescent Circuit 
Current 

'll 




20 

31 

40 

mA 

DC Voltages: 

Terminal 1 (IF Input) 

v i 




1.2 

1.9 

2.4 

V 

Terminal 2 (AC 
Return to Input) 

v 2 

No signal input, 

Non muted 

3,4 

1.2 

1.9 

2.4 

V 

Terminal 3 (DC 

Bias to Input) 

v 3 


1.2 

1.9 

2.4 

V 

Terminal 15 
(RF AGC) 

Vl5 




7.5 

9.5 

11 

V 

Terminal 10 (DC 
Reference) 

VlO 




5 

5.6 

6 

V 

Dynamic Characteristics 

Input Limiting Volt- 
age ( — 3 dB point) 

V| (lim) 




- 

12 

25 

MV 

AM Rejection 
(Term. 6) 

AMR 

V IN = 

0.1 V, 

f O =10.7 

MHz, 

3,4 

45 

55 

- 

dB 

Recovered AF 

Voltage (Term. 6) 

V 0 (AF) 

AM Mod. 

= 30% 


325 

500 

650 

mV 








Total Harmonic 
Distortion:* 

Single Tuned (Term. 
6) 

THD 

> d 

^mod- = 
400 Hz, 

3 

- 

0.5 

1 

% 

Double Tuned 
(Term. 6) 

THD 


Deviation 

4 

- 

0.1 

- 

% 

Signal plus Noise to 
Noise Ratio 
(Term. 6) 

S+ N/N 


±75 kHz 

3,4 

65 

72 


dB 

Deviation Mute 
Frequency 

f DEV. 


^mod. = 0 

3,6,7 

- 

±40 

- 

kHz 

RF AGC Threshold 

V 16 



3,4 

- 

1.25 

- 

V 

On Channel Step 

V 1 2 

*> 
> d 

f DEV. < 
±40 kHz 

3 

_ 

0 

_ 

V 



f DEV. > 
±40 kHz 


_ 

5.6 

_ 



*THD characteristics are essentially a function of the phase characteristics of the network connected 
between terminals 8, 9, and 1 0. 
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Fig. 2 - Schematic diagram of the CA3189E ( cont’d on next page). 
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TABLE I - CA3189E Features Compared to CA3089E 


FEATURES 

Low Limiting Sensitivity (12 /uV typ.) 

Low Distortion 

Single-coil Tuning Capability 

Programmable Audio Level 

S/NMute 

Deviation Mute 

Flexible AFC 

Programmable AGC Threshold and Voltage 

Typical S + N/N > 70 dB 

Meter Drive Voltage Depressed at Very- 

Low Signal Levels 

On-Channel Step Control Voltage . . . 


CA3189E 


CA3089E 


Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

No 

Yes 

No 

Yes 

No 

Yes 

No 



Fig. 2 - Schematic diagram of the CA3189E ( cont’d from previous page). 
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INPUT SIGNAL— M V ws 

Fig. 5 - Muting action, tuner AGC, and tuning 
meter output as a function of input 
signal voltage. 




ALL RESISTANCE VALUES ARE IN OHMS 

* T: PRI. -Q 0 (UNLOADED) 3 75(TUNES WITH 100 pF (Cl) 20t0F34e0N 
7/32" 01 A. FORM 

SEC.-Q 0 (UNLOADED) = 75 (TUNES WITH IOOpF(C2) 20» OF34e ON 
7/32" DIA FORM 

kQ(PER CENT OF CRITICAL COUPLING) 3 70% 

(ADJUSTED FOR COIL VOLTAGE V c ) = 150 mV 
ABOVE VALUES PERMIT PROPER OPERATION OF MUTE (SQUELCH) CIRCUIT 
"E" TYPE SLUGS, SPACING 4mm 
**C*O.OI/iF FOR 50 (is DEEMPHASIS (EUROPE) 

*0.015 ^F FOR 75 DEEMPHASIS (USA) 


Fig. 4 — Test circuit for CA3189E using a double- 
tuned detector coil. 


CHANGE IN FREQUENCY (Af) — kHz 92CS-2995I 

Fig. 6 — AFC characteristics (current at Term. 7 
as a function of change in frequency). 



0 5 10 15 20 25 

LOAD RESISTANCE (BETWEEN TERM 7 AND TERM. 10) — kft 


Fig. 7 — Deviation mute threshold as a function 
of load resistance (between Term. 7 
and Term. 10). 



Fig. 8— Typical limiting and noise characteristics. 
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Fig. 9 — Complete FM IF system for high-quality receivers. 
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August 1991 


Single Chip PAL 
Luminance/Chroma Processor 


Features 

• All PAL Luminance and Chrominance Processing 
Circuitry on a Single Chip in a 24-Lead Plastic 
Package 

• Phase-Locked Subcarrier Regeneration Utilizing 
Sample-and-Hold 

• DC Controls for Brightness, Contrast, and Color- 
Saturation Functions 

• Input for Average Beam-Current Limiting 

• Contrast Control Having Excellent Tracking of Luma 
and Chroma Channels 

« Low-Impedance RGB Outputs with Excellent 
Tracking for Direct Coupling to Video Driver 
Circuitry 


Description 

The Harris CA3194E* is a silicon monolithic integrated 
circuit designed to perform all of the signal processing 
functions for both the chroma and luminance signals of PAL 
color television receivers. 

This circuit performs all the functions needed between the 
video detector and the video RGB output stages. DC 
contrast, brightness, and saturation controls and average 
beam limiting functions are included. The RGB buffer 
stages are capable of delivering 5mA of current into the 
video output stages. 

The CA3194E is supplied in the 24-lead dual-in-line 
plastic package. 

* Formerly RCA Dev. No. TA10313. 


Pinout 


CA3194E (PLASTIC DIP) 
TOP VIEW 


GND |J_ 
CHROMA OUT [T 
SAT.CONTR. [T 
CROMA INPUT (7 


90° INPUT [_9_ 
0° INPUT Qo 
v co OUTPUT (77 


24] AVER. BEAM INFO. 

23] BRIGHTNESS CONTROL 
22] PICTURE CONTROL 
2l] LOW PASS FILTER 
20] LUMA INPUT 
19] PEAK BEAM LEVEL 
7a] R OUTPUT 
U] G OUTPUT 
16] B OUTPUT 

is] v r . y input 

73 V b . y JNPUT 
13] SANDCASTLE 


TERMINAL VOLTAGE AND CURRENT RATINGS 



VOLTAGE* -V 

CURRENT -mA j 

TERMINAL 

MIN. 

MAX. 

>IN 

•out 

1 

2 

0 

13 

0 

30 

3 

0 

8 

10 

- 

4 

0 

5 

- 

- 

5 

0 

Note 

- 

- 

6 

- 

- 

0.1 

0.5 

7 

0 

Note 

- 

- 

8 

0 

Note 

- 

- 

9 

0 

8 

- 

- 

10 

0 

8 

- 

0.7 

11 

0 

13 

- 

10 

12 

0 

13 

- 

- 

13 

0 

12 

- 

- 

14 

0 

5 

- 

1.5 

15 

0 

5 

- 

1.5 

16 

0 

13 

- 

10 

17 

0 

13 

- 

10 

18 

0 

13 

- 

10 

19 

0 

Note 

- 

- 

20 

0 

5 

- 

- 

21 

0 

Note 

- 

- 

22 

0 

8 

- 

- 

23 

0 

5 

- 

- 

24 

0 

12 

- 

- 


NOTE: The maximum should not exceed the Vqq voltage. Voltage with 
respect to Terminal 1 for Vqq (Terminal 12) of 12V ±10%. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 


File Number 1270.1 
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Circuit Description (See Figures 1 and 6) 

The chroma signal is externally separated from the video 
signal by means of a bandpass or high-pass filter and 
applied to pin 4. The burst is separated in the first chroma 
stage and applied to ;the synchronous detector which 
procides information to sample-and-hold circuits for APC 
(phase-locked loop), ACC (automatic chroma gain control) 
and identification and killing. The 4.43-MHz crystal 
oscillator is phase-locked to the burst and provides 0° and 
90° (via an external phase shifter) carriers to the chroma 
demodulators. The burst and chroma amplitued at the 
output of the first chroma amplifier is kept constant by the 
automatic gain control. 


The second chroma stage provides saturation control (pin 
3) which tracks the contrast control in the luminance 
channel. This stage is also used for color killing. 

A buffer stage drivers the external PAL delay line. The 
separated U and V signals are applied to pins 14 and 15, 
respectively, and demodulated. A standard G-Y matrix is 
included on the chip. 

The luminance signal passes through the subcarrier trap 
and through the luminance delay line and enters the chip at 
pin 20. Contrast and brightness control is provided before 
the luminance signal is combined with the color difference 
signals in the Y matrix. Average and peak beam limiting 
circuits are controlled from pins 24 and 19. 



Fig. 1 - Block diagram. 
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Absolute Maximum Ratings 


DC Supply Voltage and Current: 

Pin 1 2 Voltage Range 11 Min. to 1 3 Max. V 

Pin 1 2 Current Range 44 (Typ.) to 60 Max. mA 

Device Dissipation: 

UptoT A = 25°C 825mW 

Above T A = 25°C Derate Linearly @ 8.7mW/°C 

0jC Max. = 1 1 5°C/W, Tj Max. = 1 50°C 
Ambient Temperature Range: 

Operating -40to+85°C 

Storage -65 to +1 50°C 

Lead Temperature (During Soldering): 

At Distance 1 /1 6 ±1 /32 in. (1 .59 ± 0.79mm) from Case for 1 0 Seconds Max ■ +265°C 


Electrical Characteristics t a = 250c, v G c = 1 2V, v s = 2.85V, v c = 2.85V, v AB = v PB = v cc , v B adjusted for vi 8 = 6.3V, c x adjusted 
for Fqsc = 4.43361875MHz, Sandcastle: V B q = 8.0V, Vsu^nk = 3.5V-Burst Gate centered on Burst. These 
conditions exist except as otherwise noted. See Figure 5 for test circuit. 


CHARACTERISTIC 

TEST CONDITIONS 

TYPICAL 

VALUE 

UNITS 

| LUMINANCE SECTION { 

Input Impedance-Term. 20 


6 

5 

kO 

PF 

Luminance Channel Input Voltage 

Luma Input Signal=30% Sync 

0.5 

V D-D 

Bandwidth of Luminance Channel 

Luma Input Signal: 0.5 Vp_p (30% Sync) modulated CW 
Adj. modulation frequency for -3 dB at color outputs 

8 

MHz 

Brightness Control Range-Term. 23 

For control characteristics, See Fig. A 

0-3.5 

Vdc 

Output Black Level: 

Range 

Luma Input Signal: 0.5 V p - p (30% Sync) 

V B 0 - 5 V 

Measured at Pin 18 black level. See Fig. A. 

BUB 

Vdc 

Offset 

0.6 Max. 

Contrast Control Range-Term. 22 

Luminance input: 0.5 Vp_p (30% Sync), for control 
characteristics. See Fig. B. 

0-5 

Vdc 

Luminance Gain Control Range 

Luminance Input: 0.5 V p _ p (30% Sync), 

Vc=0.5 - 5 V measure Pin 18 black level 
to maximum white level. See Fig. C. 

32 

dB 

RGB Output Swing 

Luminance Input: 0.5 Vp_p (30% Sync), Vq= 5 V, 
read black level to peak white. See Fig. D. 

4 

QU 

| CHROMINANCE SECTION 1 

Input Impedance-Term. 4 

See Fig. E. 

mm 

kn 

pF 

Chroma Channel Input Voltage 

Chroma 

220 

BSSHH 

Burst 

100 


ACC Range 


+ 

05 

1 

1 

ro 

0 

dB 

Input Burst Level for Kill 

Adjust chroma input Pin 4 until Pin 2 < 25 mVp. p . 
Measure Burst level at Pin 4. 

10* 

mVp-p 

Contrast Control Chroma/Luma Tracking 

Chroma Input: Burst=100 mV p .p 

Chroma=220 mV p _p 

Luminance Input: 0.35 V p . p 

Vg adjusted for Chroma at Pin 18=2 V p _ p 

Vc is adjusted for luminance at Pin 18=2 V p _ p . 

Vc is again adjusted for luminance of +6 and -9 dB. 
Then read chroma percentage difference. See Fig. F. 

±5 

% 

Saturation Control Range-Term. 3 

For control characteristic, see Fig. G. 

0-5 

Vdc 

Max. Chroma Output Voltage-Term. 2 

Chroma Input: Burst=100 mVp_p 

Chroma=220 mV p - p . Adjust V c and Vs 
for max. Pin 2 output. 

2.5 



*lf a different value is desired, see the Threshold Adjustment Circuit of Fig. 3. 
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Specifications CA3194 


CHARACTERISTIC 

TEST CONDITIONS 

TYPICAL 

VALUE 

UNITS 

| OSCILLATOR SECTION f 

Pull-In Range 

Chroma Input: Burst=100 mVp.p 

Chroma=220 mVp.p. Adjust Cx for HI/LO foSC 
without Chroma signal. Apply signal to lock. 

±500 

Hz 

Static Phase Error 


2 

DEG/100 Hz 

| DEMODULATOR SECTION | 

R-Y Demodulator Conversion Gain 

Chroma Input: Burst=100 mV 

Chroma=220 mV p .p, V0. Adjust Vc for V18=1 V. 

Read Vir. Calculate V18/V15. 

10 

Ratio 

B-Y Demodulator Conversion Gain 

Chroma Input: Burst=100 mVp.p, U <p. Read V16 and 
V14. Calculate V/16/V14. Vq remains 
as for R-Y gain 

18 

Ratio 

G-Y/B-Y Matrix Ratio 

Chroma Input: Burst=100 mVp.p, 

Chroma=220 mVp.p, U# read V17 and V16. 

Calculate V17/16. Vq remains as above. 

0.2 

Ratio 

G-Y/R-Y Matrix Ratio 

Chroma Input: Burst=100 mVp.p 

Chroma=220 mV p .p, V0. Read V17 and V18. 

Calculate VI 7/18. Vq remains as above. 

0.5 

Ratio 

Sub-Carrier and Harmonic Content 
at Outputs 

No Chroma or Luma Input. 

Read residual carrier at outputs. 

30 

m ^p.p 

| SANDCASTLE PULSE I 

Horizontal and Vertical 

Blanking Pedestal 


2-5 

V 

Burst Gate Pulse 


6.5 - Vqq 

V 


NOTE: 

Use of the circuit of Fig. 4 is suggested to prevent increased color saturation at low level RF signals. 
The reference voltage can be adjusted by changing the values of the voltage divider. 


TYPICAL CHARACTERISTICS (Refer to Fig. 5 for Test Circuit) 
A. BRIGHTNESS CONTROL (V B ) 


0 1 2 3 4 5 

PIN 23-BRIGHTNES CONTROL — V(Vb) 

92CS-3 2902R2 

Measured at Pin 18 output terminal. 




92CS-3290IRI 

Measured at 2nd chroma amplifier output terminal. 
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TYPICAL CHARACTERISTICS (Cont’d) 


B. CONTRAST CONTROL (V C ) 



92CS-32898RI 

Measured at Pin 18 output terminal. 


C. LUMA GAIN VS. SUPPLY VOLTAGE (V C C) 



Measured at luma amplifier output terminal. 


D. LINEAR OPERATING RANGE AS A FUNCTION OF VcC 




Measured at Pin 16 output terminal. 


Measured at Pin 18 output terminal. 


E. ACC CHARACTERISTICS 


0 
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V4 INPUT (dB) 92CS . 33098 


Measured at Pin 2 output terminal. 



92CS-32905RI 

Measured at Pin 18 output terminal. 
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J. AVERAGE BEAM LIMITER (Vab) 




92CS-32899RI 92C9-32904R2 


Measured at Pin 18 output. 


Measured at Pin 18 output. 



Measured at Pin 18 output. 


BG PULSE 1 , V BG 6.5 V TO V cc 


H + V 

BLANK 

PEDESTAL 


H- - “VbLANK 2 V TO 5 V 


0 V 

92CS-33096 


Fig. 2 - Sandcastle input waveform. 



Fig. 3 - Killer-threshold level control. 
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Fig. 5 - Test circuit. 


ivab) 



Fig. 6 - Application circuit for PAL M. 
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33 HARRIS CA32 1 7 

Single Chip TV 

August 1991 Chroma/Luminance Processor 


Features 

• All Chroma Processing and Demodulating Circuitry 
on a Single Chip in a 28-Lead Plastic Package 

• Phase-Locked Subcarrier Regeneration Utilizing 
Sample-and-Hold Techniques 

• Supplementary ACC with Overload Detector to Pre- 
vent Over Saturation of the Picture Tube 

• Linear DC Controls for Chroma Gain and Tint 

• Dynamic “Flesh Correction” - Corrects Purple and 
Green Flesh Colors without Affecting Primary 
Colors 

• Balanced Chroma Demodulators with Low Output 
Impedance for Direct Coupling 

• Internal RF Filtering 

• Requires Few External Components 

• Automatic Beam Limiter 

• Chroma Luminance Tracking Picture Control 


Description 

The Harris CA3217E* is a monolithic silicon integrated 
circuit. It contains all the required circuit functions between 
the video detector and the picture tube RGB driver stages of 
a color television receiver. The CA3217E decodes the 
chrominance signals and then produces three different 
color signals that are internally combined with the 
luminance to develop the RGB signals. The picture 
saturation, hue and brightness DC controls are externally 
adjustable by the viewers. The AFPC, ACC, Dynamic flesh 
control, Beam limiting and Gate black level (Brightness) 
control are servo loops used to stabilize the RGB output 
and reduce frequent manual adjustment The automatic 
beam limiter circuit reduces picture contrast and brightness 
to prevent excessive drive output at the picture tube. 

The CA3217E is supplied in a 28-lead dual-in-line plastic 
package. 

* Formerly RCA Dev. Type No. TA10806. 


Pinout 


Absolute Maximum Ratings 


CHROMA OUT p" 
CHROMA CONTROL (T 
CHROMA INPUT [T 
OVERLOAD FILTER [7 


CA3217E (PLASTIC DIP) 
TOP VIEW 
\J 


ACC, KILLER FILTER 


SANDCASTLE PULSE Q[ 
GND [T 


OSCILLATOR IN 90° (77 
OSCILLATOR IN 180P [72 
OSCILLATOR OUT [73 
TINT CONTROL [7* 


28] BEAM UMITER 
27] LUMINANCE 

PICTURE CONTROL 
25] LOW PASS FILTER 
24] BRIGHT CONTROL 

§j]vcc 

22] BLUE 
27] RED 

20] GREEN 

]J]a CARRIER IN 

T5]l CARRIER IN 

77] DEMODULATOR CHROMA IN 

7e] OVERLOAD, FLESH DISABLE 

75] CARRIER OUT 


DC Supply Voltage 

Between Terms 23 and 8 14.0V 

Device Dissipation: 

UptoT A = 55°C 1.27W 

Above T A = 550C Derate Lineraly at 1 3.3mW/0C 

Ambient Temperature Range: 

Operating -40 to +85°C 

Storage -65 to +1 50°C 

Lead Temperature (During Soldering): 

At Distance 1/16 ± 1/32 Inch (1.59 ± 0.79mm) 

from Case for 1 0 Seconds Max +265°C 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjj e Number 332-1 

Copyright © Harris Corporation 1 991 
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ELECTRICAL CHARACTERISTICS at T A = 25° C 


CHAR- 

ACTER- 

ISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

Test 

s 2 

s 3 

s 4 

S 5 

S 6 

mVp.p 

Chroma 

mVp-p 
Burst In 

mVp-p 

Luma 

Relays 

Energized 

Note 

Min. 

Typ. 

Max. 

STATIC (Test 1-5) 

Dissipation 

Pin 23 

6.3 V 

11.2V 

4.0 V 

6.3 V 

11.2 V 






E7B 

EH 

EM 

1HX3H 

Pin 1 Bal 

FAXit 

Kin 

Bin 


[3EQ 

KIRH 






■ 

Baa 


Vdc 

UBSEESM 

Rffitt 

PH 

nun 

nrm 

mu 

BHa 







m 


LffiMHEH 

Baa 

BUM 


ESQ 

SEEM 

nm 







ESI 


Pin 13 Bal 

HUif 

1.2 V 

11.2 V 

mi 


11.2 V 







u 


DYNAMIC (Test 6-26) 


Oscillator 

Pull-In 

191 


11.2 V 

4.0 V 

189! 


25 

25 


K4, K7 

■ 

|| 


191 

Hz 

Oscillator 

Level 

B9 


11.2 V 

4.0 V 

IM 

11.2 V 

0 

0 


K7 



EH 


Vp.p 

icsja&ai 

ESI 

EMM 

11.2 V 

Bin 

ESQ 

SUFM 

ma 

125 


. K4. K7 

2 


m 


! 200% Acc 

EM 

T8 

bieq 

Ml 

ESQ 

mm 


KSlM 


K4. K7 

mm 


1ET*1 


% 


El 

T8 

EEEB 

Ml 

om 

m 

25 

25 


msnsrn 

mm 


EDI 


Tint Center 

S5 

EflM 

IKH9 

ESQ 

EHQ 

nm 

IM 

mm 



4 


EO 


EE9 

R-Y 

Maximum 

P21 

11.2 V 

11.2 V 

6.0 V 

HR 

11.2 V 

250 

125 





BW 


Vp-p 

Unkill 


Bin 

■EQI 

nm 

EDI 

nm 

25 



MZX5M 



■301 


Kill 

EM 

KKEI 


ESQ 

EZE1 

non 

25 

WB&M. 


M&M5M 




iwii 


Chroma 

Reserver 

P21 

11.2 V 

11.2 V 

4.0 V 

m 

11.2 V 

12.5 



K2, K4, K7 



m 


Vp-p 

Maximum 

Luma 

P21 

11.2 V 



HI 

11.2 V 



125 

K1. K3. K7 

5 


in 


Luma Ratio 

EB 

KD^l 



Ezn 

nm 





6 


n»n 


% 

Linearity 

ESI 


WBEM 


on 

nm 



425 

WtSSSM 

7 


n 


K299 

T19 = 
T19/T18 

P21 

11.2 V 

T18 

3.0 

HR 

BiH 



212.5 




B 


% 

4.78 MHz 
Response 

P21 

11.2 V 

11.2 V 

4.0 V 

HI 

11.2 V 



125 


H 

■ 


3 

dB 

Contrast 
Limit 1 

P24 

11.2 V 

11.2 V 

4.0 V 

Til 

11.2 V 



250 

K3, K5, K7 

9 


3.9 


Vdc 

Contrast 
Limit 2 

P26 

11.2 V 

11.2 V 

4.0 V 

Til 

11.2 V 



250 

K3, K5, K7 

9 


8.2 


Bright 

Limit 1 

P24 

11.2 V 

11.2 V 

4.0 V 

Til 

11.2 V 



250 

K3, K5, K7 

10 


3.1 


Bright 

Limit 2 

P26 

11.2 V 

11.2 V 

4.0 V 

Til 

11.2 V 



250 

K3, K5, K7 

10 


5.6 


G-Y Ratio 
B-Y Ratio 

P20 

P22 

Vary 

T25 

11.2 V 
11.2 V 

4.0 V 
4.0 V 

Til 

Til 

11.2 V 
11.2 V 

250 

250 

125 

125 



11 

11 


0.33 

1.20 


R 


Notes: 

1. With K7 energized and frequency counter at D vary Cl for 3.579175 MHz. Then with K4 energized, check for pull-in. 
Repeat for frequency tuned to 3.579875 MHz. For all other tests tune to 3.579545 MHz ±10 Hz. 

2. Vary S2 for 1 .5 V p . p at Pin 21 . 

3. % of 100% ACC. 

4. Adjust Cl for 3.579545 MHz ±1 0 Hz. Adj ust S2 for 1 .6V V p _ p at Pin 22 and 0 reference; then adjust 65 for minimum at P21 . 
Read and record S5 voltage 

5. Black to White. 

6. T17 = T17/T16. 

7. Adjust S3 for 4.0 V p _ p . 

8. AC amplitude = 50 mV p _n reference 1 5 kHz. 

9. Adjust beam limiter to 107 V. 

10. Adjust beam limiter to 9.8 V. 

11. Adjust S2 for 1.5 V p . p at Pin 21, then calculate P20/P21 and P22/P21. 
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CA3217 


TYPICAL PERFORMANCE OF THE CA3217E 


Function 

Typical Data 

Nominal Supply 

11.2V 

Nominal Dissipation 


Oscillator Stability 

Supply Variation 10" 1 4 V 

5 Hz 

Variation with Temperature 
(AT = 50° C) 

25 Hz 

AFPC Characteristics 
dc Loop Gain 

33 Hz/deqree 


±500 Hz 

ACC Characteristic 

100% Chroma Input Level 

250 mVp.p on red bar 


at 20% nominal input level 

Hue-Control Range 


Saturation-Control Range 


Demodulator Characteristics: 

Relative 

Amplitude Angle 

R - Y 

1.0 93° 

B — Y 

1.2 2° 


0.3 258° 

Bandwidth (Chroma) 


Flesh Control 

Primary control in the +1 half-plane 

Chroma Overload Control 

Two levels 

Picture Control 

40 dB 

Brightness Control 

Black level clamped on 3 V to 5 V level 

Beam Limiting 

On picture and brightness controls 

Luma Bandwidth 


Sandcastle Input 

1.2 - 2.3 V 

Blanking 

>3.3 V 

Burst gate 

Maximum Linear Output 

R 

5 V 

G 


B 

3.7 V 
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CA3217 



Fig. 1 - Functional block diagram of the CA3217E. 
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CA3217 



Fig. 2 - Schematic diagram of the CA3217E. 
(Cont'd on next page). 
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Fig. 2 - Schematic diagram of the CA3217E. 
(Cont'd from previous page). 




CA32 1 7 


f 26 V I 5 K 33 K 


IOjiF 

Tchk 


>100 K 

L 1 


£°t r il 


PlBuH <I0K 


o.oi=i= =po.oi 

mF <M f mF 2 2 OK 


120 : 

1 5 u.H P F 


27 

3 


6 

10 

9 1 

5 18 19 

1 

17 

25 

28 

20 






CA32I7E 







4 


1 

2 

II 

13 

8 2 

3 14 2 

26 

16 

24 

2 

2 

21 


1 

] 

27/iH 1 4700ft 



> 1 

J 

| 

K v>nK ~t 1 ►-AAV » 

[ 330 K 

| 22 K 

L 1 

<4700 [ 


330 < 

> 4=100 ^ 

i P F 3.57545=" 

rW\r< 

330 K I°J 

\ OVERLOAD/ 1 f 


\±Vf\ i IOOOpF 


> 4700ft > 4700ft 


SANDCASTLE PULSE IN 


I000< ? ,_L -^5-25 33 K< 33 K< |,. 2V <8200ft 

* 1 ?f 7 T 7 U-i„ , f o f 


H.2 v HU P SAT 

Fig. 3 - Typical application circuit. 



3 mA MAX 
(OVERLOAD) 


Fig. 4- Test circuit for the CA3217E. 
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J L-2.24/iS 
4/iSH- 


KEY AND 
BLANKING 
SANDCASTLE 
PULSE 


-3.7^S 

52.5/iS- 


PEDESTAL 
1 BLACK 


— ^ 11.1/x.S V*— 92CS-34654RI 

BLANKING 

Fig. 5 - Test signals for the CA3217E. 


AMBIENT TEMPERATURE (T A )=25»C 
LUMA INPUT = 0.5 V p _ p (30% SYNC) 
CONTRAST* 6.3 V 
SATURATION =6.3 V 
12 PIN 28* 1 1.8 V 


ESlIiiiiii 

|SSSSSS»:iSKSSSSSS 

■■Visisi::::::::::::::: 
is::: !! s:::::::::::::::::::! 


BRIGHTNESS CONTROL-VOLTS 


AMBIENT TEMPERATURE (T A )*25*C 
5.5 BRIGHTNESS *4.0 V 


iii!::i!i:i!!i!ii iiiiiiiiiiiiiii 

..ii.. »■■«.■■« « «j 

:::::::: :::::::: 


jpg 



CONTRAST CONTROL-VOLTS 


Fig. 6 - Typical P21 black level versus 
brightness control. 


Fig. 7- Typical P21 luminance output versus 
contrast control. 
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PIN 28 BEAM LIMITER -VOLTS 92CS-J46S0 

Fig. 8 - Typical beam limiter versus contrast 
and brightness. 



SATURATION CONTROL- VOLTS 


Fig. 9 - Typical PI chroma output versus 
saturation control. 





CA3217 



Fig. 10 - Typical PI chroma output versus 
contrast control. 



Fig. 1 1 - Typical luma/chroma track. 
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March 1991 


Features 


CA3256 

BiMOS Analog Video 
Switch and Amplifier 


Description 


• 5 Multiplex Video Channels 

► 1 Independent Channel 

► 4 Channels with Enable 

• 4 LED Channel Indicator Outputs 

• Wideband Video Amplifier 25MHz Unity Gain 

• Adjustable Video Amplifier Gain 

• High Signal-Drive Capability 

Applications 

• Video Multiplex Switch 

• 75 Cl Video Amplifier/Line Driver 

• Video Signal-Level Control 
° Monitor Switching Control 

• TV/CATV Audio/Video Switch 

• Video Signal Adder/Fader Control 


The CA3256 BiMOS analog video switch has five channels of 
CMOS multiplex switching for general-purpose video-signal 
control. One of four CMOS channels may be 
selected in parallel with channel 5. The CMOS switches are 
inputs to the? video amplifier but may be used in bilateral 
switching between channels 1 to 4 and channel 5. The analog 
switches of channels 1 to 4 are digitally controlled with logic- 
level conversion and binary decoding to select 1 of 4 channels. 
The enable function controls channels 1 to 4 but does not 
affect channel 5. LED output drivers are selected with the 
channel 1 -to-4 switch selection to indicate the ON-channel. 
Channel 5 may be used as a monitor output for data or signal 
information on channels 1 to 4. The transmission gate switches 
shown in the block diagram of the CA3256 are configured in a 
“T” design to minimize feedthrough. When the switch is off, the 
shunt or center of the “T” is grounded. 

The amplifier has high input impedance to minimize the Ron 
transmission gate insertion loss. The amplifier output imped- 
ance is typically 5f l in a complementary symmetry output. The 
amplifier can directly drive a nominal 75fl coaxial cable to 
provide line-to-line video switching. The gain of the amplifier is 
programmable by different feedback resistor values between 
pins 8 and 9. Compensation may also be used between these 
pins for an optimally flat frequency response. An internal regu- 
lated 5V DC bias reference with temperature compensation 
permits stable direct-coupled output drive and minimizes DC 
offset during signal switching. 

The CA3256 device is available in an 18-lead Dual-ln-Line 
Plastic Package (E Suffix). 


Package 

Pinout 


18-LEAD DUAL-IN-LINE 


18-LEAD DIP 


PLASTIC PACKAGE 


TOP VIEW 


E SUFFIX 




IN 3 [T 


Ts] CONTROL B 


LED 4 [T 


tT] IN 2 


IN 4 [T 


7e] CONTROL A 


GND |T 


15] IN 1 


V E E \j[ 


14] Vcc 


ENABLE [][ 


I 3 ] IN/OUT 5 

yV V 

CONTROL C \T 


Ti] LED 1 


FEEDBACK [¥ 


TT] LED 2 


AM PL OUT |T 


10] LED 3 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 1769.1 

Copyright © Harris Corporation 1991 
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Specifications CA3256 


Absolute Maximum Ratings 

DC Supply Voltage Range, Vcc (Referenced to Vee) 1 8V 

Control Input Voltage Range, All Inputs Vee to Vcc 

Signal Input Voltage Range, Channel 1-5 3Vp-p 

Amplifier Output Current 30mA 

DC LED Sink Current 30mA 


Device Dissipation: 

UptoTA = 55°C 630mW 

Above Ta = 55°C Derate Linearly at 6.67m W/°C 

Operating Temperature Range -40°Cto+85°C 

Storage Temperature Range -65°C to +1 50°C 

Lead Temperature (During Soldering) at Distance 1/16 ± 1/32 in. 
(1 .59 ± 0.79 mm) from case for 1 0sec max +265°C 


Performance Data T a = +250C, Nominal Data for (V C c - V EE) = 1 2V 


CHARACTERISTICS 

SYMBOL 

TYPICAL VALUES 

UNITS 

Power Supply Voltage Vcc “ V EE 


1 0 to 1 8 

VDC 

Power Supply Current Vcc " V EE = 12V 


20 

mA 



SWITCH 

AMPLIFIER 


Open Loop Gain 

a OL 

- 

35 

dB 

Programmable Gain, FB Adjustment Range 


- 

-0.8 AoL 

dB 

Power Bandwidth 


- 

10 

MHz 

Unity Gain Bandwidth, 1 kfl, 7pF Compensation 


- 

25 

MHz 

Insertion Loss 


-0.8 

- 

dB 

Signal Feedthrough, 5MHz 


-66 

- 

dB 

Input Impedance 

Z|N 

- 

10 

kfl 

Output Impedance 

z OUT 

- 

5 

n 

Maximum Input Voltage 

v l(max) 

3 

2.5 

Vp-p 

Maximum Output Voltage, Clipped 

v O(max) 

- 

7 

Vp-p 

Reference Bias Output Voltage (V8 - Vee) 


- 

5 

VDC 

Differential Gain 


- 

1 

% 

Differential Phase 


- 

1 

Degree 

Off Isolation, Channel to Channel, Z|n = 75fl 


-66 

- 

dB 

LCC Switch Turn On/Off Time Delay 


- 

0.5 

MS 

Maximum LED Sink Current 



30 

mA 

Typical Output Source Current 


- 

16 

mA 

Channel Control Switch A, B, C 

En Threshold 

6 

- 

V 


CAUTION: Connect the V^e power supply voltage before or during the Vqc turn-on. 









































































Specifications CA3256 


Electrical Specifications T A = +25°C, V C C = +12, V LED = +12, V EE = GND, Pin 4 = GND, Feedback Switch Closed, 
VHIGH = 9V, ^LOW = 3V (See Figure 3) Unless Otherwise Specitied. 

INPUTS CHANNEL SWITCH CONTROL 

CHI IcH 2 I CH 3 IcH 4 I CH 5 A I B I C IeNABLeI 


CHARACTERISTICS 


Supply Current, Iqc 
V LED = OV 


Dual Supply Current 
V S = ±5V 


Amplifier Output, 

Open Loop 
V8 (OL> V LED = 0 V 

Amplifier Output, 

Closed Loop, Vi E p = OV 


'OUT MAX. (Source) 
Open Loop 

l 0 UT MAX. (Sink) 

Open Loop 

Input Leakage 
Channel 1-5 

Channel Control Input 
A, B, C, Enable Leakage 


PIN PIN PIN PIN PIN PIN PIN PIN PIN 

15 17 1 3 13 16 18 7 6 


MIN TYP MAX UNITS 







































- 5V V EE V CC + 5V TO + 12V 



FIGURE 2(a). TYPICAL APPLICATION BIAS CIRCUIT DIRECT-COUPLED OUTPUT WITH V EE = -5V 





CA3256 


TO GND + 12 TO + 18V 


0.1 ^.F 100 K 

-f 1 W 

_L 0.047 p.F 0.047 jtF 


CHANNEL 1 — > 
INPUT 


BIAS | S 
REG I | 


v OUT 2 

75 n v out 1 


OUTPUT 220 A F 
AMPL 


LED INDICATOR CHANNEL 1 \ 


LED INDICATOR CHANNEL 2 


2 OF 5 ^ 

INPUTS Ud MJ 

SHOWN 


LED INDICATOR CHANNEL 3 


CHANNEL 5 
INPUT/ ' 
OUTPUT 


ENABLE A 
CHANNEL V®, 
1 -4 


LCC 

ENABLE 

. £ r 

AND 

CHAN 1 - 4 
SELECT 

— 


l 





1 ~fG -5 

s' 

A 

N / 

B 

s 


LED INDICATOR CHANNEL 4 


WHERE AMPLIFIER GAIN: 

R« + 1K~1 

A V= 1+ — 

L 10K J 


1 | 

r$s> csH 

i 

c < 

J SELECT < 

> SELECT ^ 

> 4.7 K< 

> CHANNEL * 

>4.7K CHANNELS 

L 1 

l - 4 3 

l 5 1 


FOR THIS CIRCUIT: 

V CC = + 12V 
A = 1.1 X 

BW= 18MHz (SINE WAVE) 
V OUT= 1V pp 
R f = IK 


8 


FIGURE 2(b). TYPICAL APPLICATION BIAS CIRCUIT AC-COUPLED INPUT WITH V E E = GND 




Waveform Display (Figure 2b) Pulse Performance = 20ns t r 
for 0 to 2 V Pulse 

V CC = +1 2V, Rf = 1 kn, CcOMP = 6pF, Pin 9 at V EE(GND)> 
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"="GND 


* Adjust offset for Vqc at P' n 9 equal to zero volts with no AC signal and one channel "ON”. Dymanic 
clamping may be accomplished by error current feedback to pin 8. 

FIGURE 2(c). TYPICAL APPLICATION BIAS CIRCUIT DC-COUPLED INPUT AND OUTPUT. 

THE Vp-p OUTPUT CAPABILITY IS FIXED BY THE V CC AND V EE RANGE AND 
IS APPROXIMATELY +3.6V, -2.5V (CLIPPED) FOR MqC = +5V » V EE = 5V. 
THE LOW P.S. FUNCTIONAL RANGE FOR 2Vp-p OUTPUT IS V CC = +4V, 
V EE = -4V; BW^ 10MHz. 



1 //s/DIVISION 


PHOTO 1. WAVEFORM DISPLAY (FIGURE 2c) GATED OUTPUT FOR Vcc = +12V 
ENABLE = HIGH, CONTROL B = C = LOW, CONTROL A = 10V PULSE. 
THE BURST OUTPUT IS DELAYED ~ 400ns at tQN> *OFF- 





CA3256 
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CA3256 


Test Circuits (Continued) 



2 468 2 468 2 468 2 468 

0.01 0.1 1 10 100 


FREQUENCY (f) - MHz 

FIGURE 4(a). GAIN-BANDWIDTH CHARACTERISTICS OF FIGURE 4(b). TEST CIRCUIT. 

FIGURE 2b WITH COMPENSATION 
CAPACITOR, C C OMP> AND Rf, SEE FIGURE 
4b AND FIGURE 6(1). 



2 468 2 468 2 468 2 468 

0.01 0.1 1 10 100 


FREQUENCY (f) - MHz 


FIGURE 5(a). OPEN LOOP GAIN-BANDWIDTH FIGURE 5(b). TEST CIRCUIT. 

CHARACTERISTIC OF FIGURE 2b WITH 
NO FEEDBACK, SEE FIGURE 5b AND 
FIGURE 6(5). 
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2pF 


U 


11K 
-Wv f 


> 470*1 


A = 2X 
BW= 15 MHz 
V OUT = 2V PP 


-o v 0 ut 


^ 75*1 


(NOTE: 470*1 ADDED TO INCREASE SOURCE 
DRIVE CURRENT) 


( 2 ) 


2pF 

1 1 

IK 

-AM f 


-O V 0UT 


A = 1.1X 

BW = 40MHz(1.2 X GAIN PEAK AT 25 MHz) 
v OUT= 200m Vpp 

( 3 ) 



A = 1.1X 
BW = 15 MHz 
v OUT = 200mVpp 


2X 

26 MHz (UNITY GAIN) 
400 mVpp 


7pF 

1 1 

30 K 

-AAA/ f 


A as 3.6X 
BW= 6MHz 
V OUT = 200m Vpp 


H v OUT 


( 6 ) 


6pF 




( 4 ) 


( 8 ) 


FIGURE 6. OTHER TABULATED RESULTS FOR VARIATIONS OF LOAD AND FEEDBACK FOR CIRCUIT, FIGURE 2b; 
V C C = +12V. 
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Application of High Speed CMOS 
Analog Switches 

CMOS analog switches are available in a wide variety of 
forms, and have been known and used for some time. There 
are a number of advantages to using the CMOS transmis- 
sion gate as a switch: 

• Ideal suitability to series cascade arrangements. 

• Simple multiple parallel input switching arrangements. 

• No bipolar junctions and, hence, no offset. 

• Very low power consumption. 

• Wide signal-swing capability. 

• Fast multiplexing and video switching in high-speed 
CMOS. 

• Wide bandwidth in high-speed CMOS. 

• Low Ron channel resistance in high-speed CMOS. 

• Bidirectional signal handling. 


An Integrated Video-Switch Amplifier 

Commonly, integrated video-switch amplifiers have been 
fabricated in the bipolar technology using differential 
amplifiers in a current-switching mode. In this form, two 
differential pairs are needed for two input-signal sources. 
The handling of multiple sources is very much more 
complex. The advantages of the CMOS video-switch 
amplifier have already been noted. While the bipolar video 
switch has high output drive and switching speed as 
advantages, the price is high in voltage offset and current 
drain. The integrated device solution that is offered here is in 
the use of the BiMOS technology, where both the CMOS 
and bipolar processes complement each other to provide 
CMOS switching with bipolar amplifiers. The BiMOS 
process allows several CMOS switches to be coupled to a 
bipolar drive-amplifier in the same process to exploit the 
best of two technologies. 

Other advantages are gained when the BiMOS process is 
used for an 1C video-switch amplifier design. The BiMOS 
process calls for a p-substrate and, therefore, isolated 
n-epitaxial boats can be built for both n and p channel 
parts. The boats provide for better isolation of the n and p 
channels. The n and p wells in a transmission-gate cell can 
be switched between source and rail; therefore, they have a 
smaller body effect on both n and p devices, which results 
in better gain linearity. Where desired, oxide capacitors are 
available for bipolar amplifier compensation. 


CA3256 Video-Switch Amplifier 

The block diagram of Figure 1 shows the functional 
diagram of the CA3256, which consists of five MOS 
channels, each comprising a three-element T-switch. The 
output of the five switches is made common and fed into the 
input of a bipolar buffer amplifier. The T-switch, together 
with the input impedance of the buffer, is typically 10kH, 
and has an insertion loss of approximately 0.8dB. The 
T-switch was designed to handle up to 3Vpp input 
signal with low distortion. The T-switches of the CA3256 
conform to a break-before-make format; hence, shorting to 
ground is eliminated. 

The amplifier is programmable for gain and, typically, can 
provide a gain of 1 times into a 75H load or a gain of 5 times 
into a Ikfl load. The maximum output signal swing with 
linearity is greater than 5Vpp for (Vqq ~ V EE) greater than 
or equal to 12 volts, while the maximum output current is 
approximately 20mA. The amplifier has base-current 
compensation to reduce offset and a temperature 
compensated 5-volt zener referenced bias. Other features 
include LED-selector indicators for channels 1 through 4. 
The fifth channel is independently selectable for use as a 
separate input or output in parallel with any on channel, and 
may be used as a monitor, or for pass-through, signal 
summing, or parallel distribution. 

In the application, the user has the option to specify -5 volts 
VEE f°r the switch and a ground reference for the amplifier 
input and output. Alternatively, the CA3256 may be used 
with a single +12 volt supply. The logic select for channels 
1 through 4 is controlled by the A, B and Inhibit lines with 
ground to Vqq logic switching. The logic threshold is 
approximately Vq q /2 independent of the -Vee voltage 
level. DC coupling may also be used at the output (when 
Vee is returned to a -5 volt supply). For the circuit of Figure 
2(b). AC coupling is used at the output and input. The 
switching bias arrangement shown provides for stable bias 
across each switch when in the off position to minimize 
transients when the input is switched. 

Any combination of switch input circuits can be configured 
with multiple, parallel, line-drive outputs. The video-switch 
amplifier circuit of Figure 7 illustrates how the CA3256 may 
be configured in pairs to provide an 8-to-1 video-switch 
amplifier using a 3-bit address to select the input. It is also 
possible to use the fifth channel input to tie signals to a 
common bus line for distribution from the selected amplifier; 
however, distributed capacitance loading will result in 
reduced bandwidth. The 4 plus 1 combination of input- 
signal switching provides for a wide assortment of video- 
switch circuit configurations. 
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While the BiMOS process does provide some compromises 
for both the switch and the amplifier, the combined system 
is capable of the performance needed in most high-quality, 
switching applications. As an integrated system, many of 
the problems in pc-board layout are simplified, and there is 
is a reduction in component count. In its simplest form, with 
+12 and -5 volt supplies, the CA3256 may be DC con- 
nected at the input and output; the LED indicators need not 
be connected. A DC level translator resolves the channel 
switch control at the -Vee voltage level. Under these condi- 
tions, the circuit may be as simple as the one in Figure 7. 


Summary 

While each video-switch amplifier is designed for a specific 
application and, to that end, is tailored as far as . perform- 
ance to a given set of specifications, the circuit-designer’s 
goal is generally the same in every case: to make the best 
possible switch for the lowest cost. In this respect, the 
CA3256 1C switch and amplifier discussed provide an 
excellent choice for a cost-effective high-performance 
video-switch amplifier, by taking advantage of the 
complementary features of both high-speed CMOS and 
bipolar integrated circuits. 



TRUTH TABLE 
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FIGURE 7. AN 8-TO-1 VIDEO-SWITCH AMPLIFIER USING TWO CA3256 DEVICES. 
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CD22402 


August 1991 


Sync Generator for TV Applications 
and Video Processing Systems 


Features 

• Interlaced Composite Sync Output 

• Automatic Genlock Capability 

• Crystal Oscillator Operation 

• 525 or 625 Line Operation 

• Vertical Reset Option 

• Wide Power Supply Operating Voltage 


Applications 


> Monitors and Displays 


• Video Games 

• Sync Restorer 

• Video Service Instruments 


Description 

The Harris CD 22402* is a CMOS LSI sync generator that 
produces all the timing signals required to drive a fully 
2-to-1 interlaced 525-line 30-frame/second, or 625-line 
25-frame/second TV camera or video processing system. A 
complete sync waveform is produced which begins each field 
with six serrated vertical sync pulses, preceded and followed 
by six half-width double frequency equalizing pulses. The 
sync output is gated by the master clock to preserve horizontal 
phase continuity during the vertical interval. 

The CD22402 can be operated either in “genlock” mode, in 
which it is synchronized with a reference sync pulse train from 
another TV camera, or in “stand-alone” mode, in which it is 
synchronized with a local on-chip crystal oscillator (the crystal 
and two passive components are off chip). Also, the circuit can 
sense the presence or absence of a reference sync pulse train 
and automatically select the “genlock” or “stand-alone” mode. 

A frame sync pulse is produced at the beginning of every odd 
field. The vertical counter can be reset to either the first 
equalizing pulse or the first vertical sync pulse of the vertical 
interval. 

The interlaced sync provided by the CD22402 differs from RS- 
1 70 by having slightly narrower sync and equalizing pulses. 
The clock frequency of 32 times horizontal rate allows for 
approximately 4jjs horizontal pulse widths and 2\is equalizing 
pulses. Otherwise operation can be phase locked to a color 
sub-carrier for a full interlaced operating system. 

The CD22402 is operable with a single supply over a voltage 
range of from 4 to 1 5 volts. It is supplied in a 24-lead dual-in- 
line ceramic package (D suffix) or a 24-lead dual-in-line 
plastic package (E suffix). 

* Formerly RCA Developmental Type No. TA6993. 


Pinout 


CD22402D CERAMIC PACKAGE AND CD22402E PLASTIC PACKAGE 
TOP VIEW 


DELAY, GENLOCK TO CRYSTAL OSCILLATOR |J_ 
CRYSTAL OSCILLATOR FEEDBACK TAP [T 


HORIZONTAL DRIVE OUTPUT |_4_ 
MIXED SYNC OUTPUT Q[ 
GENLOCK OSCILLATOR CAPACITOR CONNECTION [T 
MIXED BEAM BLANKING OUTPUT \T 
VERTICAL COUNTER RESET TO FIRST EQUALIZING PULSE [T 
VERTICAL DRIVE OUTPUT [T 
VERTICAL RESET TO FIRST VERTICAL SYNC PULSE [jo 
HORIZONTAL CLAMP OUTPUT FT 


24] RESISTOR CONNECTION FOR GENLOCK OSCILLATOR 
23| MASTER FREQUENCY INPUT 


22] R - C CONNECTION FOR GENLOCK OSCILLATOR 
2 T] DELAY, GENLOCK TO CRYSTAL OSCILLATOR 


20l GENLOCK INPUT (COMPOSITE SYNC) 


18] 525 UNE TO 625 LINE OPERATION SWITCH 
17] VERTICAL PROCESSING BLANKING OUTPUT 


16 SHORT VERTICAL DRIVE OUTPUT 


15] FRAME SYNC OUTPUT (ODD FIELD) 

14] HORIZONTAL PROCESSING BLANKING OUTPUT 


13 MIXED PROCESSING BLANKING OUTPUT 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1686.1 
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Specifications CD22402 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE (Vdd) 

(Voltage referenced to Vss terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (P D ): 

For T a =-40 to +60° C (PACKAGE TYPE E) 

For T a =+60 to +85° C (PACKAGE TYPE E) 

For T a =-55 to + 100°C (PACKAGE TYPE D) 

For T a = + 1 00 to 125°C (PACKAGE TYPE D) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For T a =FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPE D 

PACKAGE TYPE E 

STORAGE-TEMPERATURE RANGE (T s « g ) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max. 


15V 

Vss ^ Vi < Vdd 

±10 mA 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 

100 mW 

-55 to +125° C 

-40 to +85° C 

-65 to +1 50° C 

+265° C 


VRE SW 



V 0D = PIN 19 HPB HC HD MS MPB MBB FS2 SVD VD VPB 


92CM-26632RI 

Fig. 1 - Block diagram of CD22402 monochrome TV sync generator with automatic genlock. 
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TERMINAL DEFINITIONS FOR RCA CD22402 SYNC GENERATOR 
Terminal 

No. Symbol Function 

1 XRC Delay, Genlock to Crystal Oscillator. Resistor, diode and capacitor connection for delay that 

automatically turns on the crystal oscillator when the genlock input is removed. When the signal on 
terminal 1 is high the crystal oscillator is inhibited. Typical values for R and C are 1 MQ and 0.001 /jF . 
For operation as a crystal-controlled stand-alone sync generator without genlock, terminal 1 should 
be hard-wired to V S s- 

2 XTP Crystal Oscillator Feedback Tap. Feedback connection (tap) for crystal oscillator. When a crystal 

(shunted by a 1 Mfi resistor) is connected between this terminal and terminal 23, and a 100-pF 
capacitor is connected from this terminal to V s s, the sync generator creates its own master frequency. 
For a 525-line, 30-frame/second raster, the crystal frequency is 504.000 kHz*; and for a 625-line, 
25-frame/second raster, the crystal frequency is 500.000 kHz*. 

3 V S s Negative Power Supply Voltage. This terminal must be hard-wired to terminal 12 (Vss). 

4 HD Horizontal Drive Output. 

5 MS Mixed Sync Output. 

6 C Capacitor Connection for R-C Genlock Oscillator. 

7 MBB Mixed Beam Blanking Output. 

8 VRE Vertical Counter Reset to First Equalizing Pulse. A low-level signal on this terminal resets the vertical 

counter to the first equalizing pulse of a field. When not in use this terminal should be connected to 
Vdd- 

9 VD Vertical Drive Output. 

1 0 VR V Vertical Counter Reset to First Vertical Sync Pulse. A low-level signal on this terminal resets the sync 

generator to the first vertical sync pulse of a field. For genlock operation, terminal 10 is used as a 
resistor and capacitor connection for an integrator network that detects vertical sync pulses in a 
master sync waveform to which the sync generator is to be genlocked. R is 22 KQ, and C is 0.001 pF. 
When not in use this terminal should be connected to V D d. 

11 HC Horizontal Clamp Output. 

12 Vss Negative Power Supply Voltage. 

13 MPB Mixed Processing Blanking Output. 

14 HPB Horizontal Processing Blanking Output. 

15 FS2 Frame Sync Output (Odd Field). A pulse coinciding with the first equalizing pulse is produced at the 

beginning of every odd field. 

16 SVD Short Vertical Drive Output. 

17 VPB Vertical Processing Blanking Output. 

18 SW Operation Switch for 525-Line or 625-Line Raster. A high-level signal on terminal 18 causes the sync 

generator to generate a 625-line raster. An internal pull-down resistor is connected to terminal 18, so 
in the absence of an applied input to this terminal, a 525-line raster is produced. 

19 Voo Positive Power Supply Voltage. V D d can be any voltage between +4 and +15 relative to Vss. 

20 GEN Genlock Input Composite Sync. A negative-going reference mixed sync waveform applied to 

terminal 20 disables the crystal oscillator and locks the R-C genlock oscillator to the horizontal pulses 
of the reference sync waveform. Vertical sync detection is achieved by an R-C integrator connected 
from terminal 20 to terminal 1 0 (vertical reset to first vertical sync pulse). An internal pull-up resistor is 
connected to terminal 20 so that in the absence of an applied input the crystal oscillator is enabled and 
the R-C genlock oscillator is disabled. 

21 XR Delay, Genlock to Crystal Oscillator, Resistor and Diode Connection for Delay, Genlock to Crystal 

Oscillator. Automatically turns on the crystal oscillator when the input to terminal 20 is removed. 

22 RC Resistor and Capacitor Connection for Genlock Oscillator, if the genlock oscillator is not used this 

terminal should be connected to V S s. C should be 100 pF, and R should be a 10-KQ potentiometer. 

23 XIN Master Frequency Input. 

24 R Resistor Connection for Genlock Oscillator. 

*32 times horizontal frequency. 
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MICROSECONDS 


MIXED BLANKING , 

PIN 13 [ 


HORIZ. DRIVE PIN 4 


3-97 5.95 7.94 9.92 11.90 


MIXED BEAM 
(CATHODE) 
BLANKING 
PIN 7 


HORIZ. CLAMP 
PIN I I 


MIXED SYNC 
PIN 5 



31.75 3373 


|*«— 3.97/ts — ►! 


— 1.98 n* 


"i_TL_n_rm 


! I 


J-«-3.97/i* 


92C M - 38694 


VERTICAL RESET 
TO FIRST 
EQUALIZ ING 
PULSE 


LINE NO — 
MIXED SYNC 
PIN 5 


VERTICAL 
PROCESSING 
BLANKING 
FIN 17 


Wl DE BLANKING 
PIN 13 


MIXED BEAM 
(CATHODE) 
BLANK ING 
PIN 7 


1 r ir 

0 1 2 13 I 4 


VERTICAL RESET 
TO FIRST 

VERTICAL PULSE 


irnnnnnnnjuuuLO^ — ir 


'll! 


i b 

U L 


1 — b 


I 1 


1 I 1 


! 1 


1 1 


1 


...JIT 

1 


"LT 


FRAME SYNC — 

PIN 15 

(ON ALTERNATE FIELDS) 


-HI—- 


98 fis (NOT TO SCALE) 


92 CM- 39695 


Fig. 2 - Sync generator timing - 525/60 Hz. 
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92CM-38696 


VERTICAL RESET 
TO FIRST 
EQUALIZING 
PULSE 


LINE 

MIXED SYNC 
PIN 5 


VERTICAL 
PROCESSING 
BLANKING 
PIN 17 





“in 


-I 


VERTICAL RESET 
TO FIRST 

-VERTICAL PULSE 


rnnnrijuuu^^ 


4 U 
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I I 


I I I 



ru 


i i 


...JIT 



"L r 


(ON ALTERNATE FIELDS) 


- 2^s (NOT TO SCALE) 


92CM-3B697 


Fig. 3 - Sync generator timing - 625/50 Hz. 
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STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 

-55° C 

+25° C 

+125°C 

v 0 

(V) 

VDD 

(V) 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Quiescent Device 

Current Idd 


5 

— 

— 

— 

0.5 

0.75 

1 

— 

— 

— 

mA 


10 

— 

— 

— 

1.5 

2 

2.5 

— 

— 

_ 


15 

— 

— 

— 

3 

4 

5 

— 

— 

— 

Output Voltage 

Low-Level V OL 


5 

— 

— 

0.01 

— 

— 

0.01 

— 

— 

0.05 



10 

— 

— 

0.01 

— 

— 

0.01 

— 

— 

0.05 

High-Level Voh 


5 


— 

— 

EEE1 

— 

— 

HEEI 

— 

— 


10 


— 

— 

E1EE1 

— 

— 


— 

— 

Threshold Voltage 

(N-Channel) V TH N 




_ 




■ 




(P-Channel) V™ P 


— 



ED 

End 




— 

Noise Immunity 

(Any Input) NL 


5 

hei 

— 


EQ 

EEd 

— 

ID 

— 

— 


10 

Efl 

— 

— 

Di 

WWM 

_ 

wm 

— 

— 

Vnh 


5 

m 


— 


EEd 

— 

EO 

— 

— 


10 


D 

— 

EB 


— 

KB 

— 

— 

Output SINK Current l 0 N 

(N-Channel) 

0.5 

5 

100 

— 

— 

80 

160 

— 

56 


— 

M 

5 

1200 

— 

— 

960 

1920 

— 

672 

— 

— 

0.5 

10 

248 

— 

— 

200 

400 

— 

140 

— 

— 

10 

3000 

— 

— 

ro 

o 

o 

4800 

— 

1680 

— 

— 

Output SOURCE Current l D P 

(P-Channel) 

4.5 

5 

200 

— 

— 

80 

160 

— 

56 

— 

— 

0 

1200 

— 

— 

960 

1920 

— 

672 

— 

— 

9.5 

10 

248 

— 

— 

200 

400 

— 

140 

— 

— 

0 

3000 


— 

2400 

o 

o 

oo 

"3- 

— 

1680 

— 

— 

Input Current h 

(Each Input) 


- 

- 

- 



10 



~~ 


pA 


8 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25° C and Cl = 15 pF 
Typical Temperature Coefficient for All Values of Vdd = 0.3%/° C 


CHARACTERISTIC 


TEST 

CONDITIONS 


LIMITS 


UNITS 



VDD (V) 

MIN. 

TYP. 

MAX. 


Output State 

Propagation Delay Time 
(50% to 50%) 

Low-to-High Level 

tpLH 

5 


40 

80 


High-to-Low Level 

tpHL 

10 

— 

20 

40 

ns 

Transition Time 
(10% to 90%) 

Low-to-High 

tTLH 

5 


45 

90 

High-to-Low 

tTHL 

10 

— 

30 

60 


Input Capacity (Per Input) 

c, 


— 

5 

— 

PF 
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Fig. 4 - Typical application in a TV camera. 
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HA-2546 


August 1991 


Wideband Two Quadrant 
Analog Multiplier 


Features 

• High Speed Voltage Output 300V/ns 

• Low Multiplication Error 1.6% 

• Input Bias Currents 1 .2pA 

• Signal Input Feedthrough -52dB 

• Wide Signal Bandwidth 30MHz 

• Wide Control Bandwidth 17MHz 

• Gain Flatness to 5 MHz O.IOdB 


Applications 

• Military Avionics 

• Missile Guidance Systems 

• Medical Imaging Displays 
° Video Mixers 

• Sonar AGC Processors 

• Radar Signal Conditioning 

• Voltage Controlled Amplifier 
® Vector Generator 


Description 

The HA-2546 is a monolithic, high speed, two quadrant, 
analog multiplier constructed in the Harris Dielectrically 
Isolated High Frequency Process. The high frequency per- 
formance of the HA-2546 rivals the best analog multipliers 
currently available including hybrids. 

The HA-2546 has a voltage output with a 30MHz signal 
bandwidth, 300V/jjs slew rate and a 17MHz control input 
bandwidth. High bandwidth and slew rate make this part an 
ideal component for use in video systems. The suitability for 
precision video applications is demonstrated further by the 
0.1 dB gain flatness to 5MHz, 1.6% multiplication error, 
-52dB feedthrough and differential inputs with 1.2jjA bias 
currents. The HA-2546 also has low differential gain (0.1%) 
and phase (0.1°) errors. 

The HA-2546 is well suited for AGC circuits as well as 
mixer applications for sonar, radar, and medical imaging 
equipment. The voltage output of the HA-2546 simplifies 
many designs by eliminating the current-to-voltage conver- 
sion stage required for current output multipliers. 

The HA-2546-9 has guaranteed operation from -40°C 
to +85°C. The HA-2546-5 has guaranteed operation 
from 0°C to +750C. The HA-2546 is available in a 16 pin 
Ceramic DIP. For MIL-STD-883 compliant product and 
LCC packages consult the HA-2546/883 datasheet. 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjj e |yj um k0 r 2861 

Copyright © Harris Corporation 1991 
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Specifications HA-2546 


Absolute Maximum Ratings {Note i) 


Voltage Between V+ and V- Terminals 35V 

Differential Input Voltage 6V 

Output Current ±60mA 

Maximum Junction Temperature +1 75°C 


Operating Temperature Range 

-40°C < T A < +85°C 
.. 0°C<T A <+75C>C 
65°C < T A < +1 50°C 


HA-2546-9 

HA-2546-5 

Storage Temperature Range 


Electrical Specifications V+ = 15V, V- = -15V, Rl = IK, C|_ = 50pF, Unless Otherwise Specified 


PARAMETER 

TEMP 

HA-2546-9 

HA-2546-. 

5 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 


MULTIPLIER PERFORMANCE 

Multiplication Error (Note 2) 

+25°C 

- 

1.6 

3 

- 

1.6 

3 

% 


Full 

- 

3.0 

7 

- 

3.0 

7 

% 

Multiplication Error Drift 

Full 

- 

0.003 


- 

0.003 

- 

%/°C 

Differential Gain (Note 3,1 1 ) 

+25°C 

- 

0.1 

0.2 

- 

0.1 

0.2 

% 

Differential Phase (Note 3,1 1) 

+25°C 

- 

0.1 

0.3 

- 

0.1 

0.3 

Deg. 

Gain Flatness (Note 6,1 1 ) 









DC to 5 MHz 

+25°C 

- 

0.1 

0.2 

- 

0.1 

0.2 

dB 

5 MHz to 8 MHz 

+25°C 

- 

0.18 

0.3 

- 

0.18 

0.3 

dB 

Scale Factor Error 

Full 

- 

0.7 

5.0 

- 

0.7 

5.0 

% 

1% Amplitude Bandwidth Error 

+25°C 

- 

6 

- 

- 

6 

- 

MHz 

1 % Vector Bandwidth Error 

+25°C 

- 

260 

- 

- 

260 

- 

kHz 

THD + N (Note 4) 

+25°C 

- 

0.03 

- 

- 

0.03 

- 

% 

Voltage Noise (Note 1 7) 









f o =10Hz 

+25°C 

- 

400 

- 

- 

400 

- 

nV/v/Hz 

f o =100Hz 

+25°C 

- 

150 

- 

- 

150 

- 

nV/^/Hz 

f 0 =1kHz 

+25°C 

- 

75 

- 

- 

75 

- 

nV/y^Hz 

Common Mode Range 

+25°C 

- 

±9 

- 

- 

±9 

- 

Volts 

| SIGNAL INPUT, Vy | 

Input Offset Voltage 

+25°C 

- 

3 

10 

- 

3 

10 

mV 


Full 

- 

8 

20 

- 

8 

20 

mV 

Average Offset Voltage Drift 

Full 


45 

- 

- 

45 

- 

pV/°C 

Input Bias Current 

+25°C 


7 

15 

- 

7 

15 

jiA 


Full 


10 

15 

- 

10 

15 

pA 

Input Offset Current 

+25°C 


0.7 

2 

" 

0.7 

2 

MA 


Full 


1.0 

3 

- 

1.0 

3 

fa 

Differential Input Resistance 

+25°C 

- 

720 

- 

_ 

720 

- 

k n 

Small Signal Bandwidth (-3dB) (Note 6) 

+25°C 

- 

30 

- 

- 

30 

- 

MHz 

Full Power Bandwidth (Note 5) 

+25°C 

- 

9.5 

- 

- 

9.5 

- 

MHz 

Feedthrough (Note 1 5) 

+25°C 

- 

-52 

- 

- 

-52 

- 

dB 

CMRR (Note 7) 

Full 

60 

78 

- 

60 

78 

- 

dB 

| Vy TRANSIENT RESPONSE (Note 1 2) | 

Slew Rate (Note 8) 

+25°C 


300 

■EH 


300 

■EHj 

V/jis 

Rise Time (Note 9) 

+25°C 



■ 

I;?,;. 

11 

■ 

ns 

Overshoot (Note 9) 

+25°C 

■ ' . 

17 

I 

1 

17 

l l 

% 

Propagation Delay 

+25°C 

■ . 

25 


■ 

25 


ns 

Settling Time (Note 8) 0.1 % 

+25°C 

1 

200 

H 

1 

200 

■ 

ns 
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Specifications HA-2546 


Electrical Specifications (Continued) V+ = 15V, V- = -15V, R[_ = IK, Cl = 50pF, Unless Otherwise specified 


PARAMETER 


CONTROL INPUT, VX 


Input Offset Voltage 

Average Offset Voltage Drift 
Input Bias Current 

Input Offset Current 

Differential Input Resistance 

Small Signal Bandwidth (-3dB) (Note 1 3) 

Feedthrough (Note 1 6) 

Common Mode Rejection Ratio (Note 1 9) 


V X TRANSIENT RESPONSE (Note 1 2) 


Slew Rate (Note 1 9) 

Rise Time (Note 20) 
Overshoot (Note 20) 
Propagation Delay 
Settling Time (Note 1 9) 0.1 % 


V Z CHARACTERISTICS 


Input Offset Voltage (Note 1 7) 

Open Loop Gain 
Differential Input Resistance 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 1 8) 
Output Current 
Output Resistance 


POWER SUPPLY 
PSRR (Note 10) 
Supply Current 




4 

15 

8 

20 

70 

- 

900 

- 




1. Absolute maximum ratings are limiting values, applied individually, 
beyond which the servicability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 

2. Error is percent of full scale, 1 % = 50mV. 

3. f 0 = 3.58MHz/4.43MHz, V Y = 300mVp-p, 0 to IVdc offset, V x = 2V. 

4. f 0 = 10kHz, V Y = iVrms, V x = 2V. 

5. V x = 2V, Full Power Bandwidth calculated by equation: 

FPBW-5!!r^f!f,Vpeak-SV. 

2n v peak 

6. V x = 2V. 

7. V Y = 0 to ±5V, V x = 2V. 

8. V OUT = ±5V, V X = 2V. 


9- v OUT = 0 to ± 1 0OmV, V x = 2 V. 

10. V s = ±1 2V to ±15V, V Y = 5 V, V X = 2V. 

11. Guaranteed by characterization and not 100% tested. 

12. See Test Circuit. 

13. V Y = 5V, V x _ = -1V. 

15. f 0 = 5MHz, V x = 0, V Y = 200mVrms. 

16. f 0 = 100kHz, V Y = 0, V x+ = 200mVrms, V x _ = -0.5V. 

17. V x = V Y = 0. 

18. V x = 2.5 V, V Y = ±5V. 

19. V x = 0 to 2 V, V Y = 5V. 

20. V x = 0 to 200 mV, V Y = 5V. 
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Test Circuits 


LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 


m 




Vy LARGE SIGNAL RESPONSE 

Vertical Scale: 5V/Div. Horizontal Scale: 50ns/Div. 


+5V 
IN 0 


+5V 
OUT 0 

-5V 


V X LARGE SIGNAL RESPONSE 

Vertical Scale: 2V/Div. Horizontal Scale: 50ns/Div. 


Vy SMALL SIGNAL RESPONSE 

Vertical Scale: lOOmV/Div. Horizontal Scale: 50ns/Div 


100 mV 
IN 0 
-100 mV 


100 mV 
OUT 0 
-lOOmV 


V X SMALL SIGNAL RESPONSE 

Vertical Scale: 200mV/Div. Horizontal Scale: 50ns/Div. 
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GAIN (dB) GAIN (dB) GAIN (dB) 


HA-2546 


Typical Performance Curves Vs = ±15V, Ta = +25°C, See test circuit for multiplier configuration 


Vy GAIN AND PHASE vs FREQUENCY 
Ri = IK, V X = 2Vdc, Vy = 200mVrms 


Vx GAIN AND PHASE vs FREQUENCY 
R L = IK, V x + = 200mVrms, Vy = 5Vdc, V x - = - 


BT11 


1M 

FREQUENCY (Hz) 


FREQUENCY (Hz) 


Vy FEEDTHROUGH vs FREQUENCY 
V x = OV R|_ = 1 K, Vy = 200m Vrms 


V X FEEDTHROUGH vs FREQUENCY 
R|_ = IK, V X + = 200mVrms, Vy = 0V, 
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VARIOUS Vy FREQUENCY RESPONSES 

RL = IK, Cl = 50pF, Vy = 200mVrms 

VARIOUS V X FREQUENCY RESPONSES 
V X + = 200mVrms, Rl = IK, V X - = -IVdc 
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HA- 2 546 


Typical Performance Curves (Continued) Vs = ±1 5V, Ta = +25°C, See test circuit for multiplier configuration 


Vx COMMON MODE REJECTION RATIO vs FREQUENCY 

Vx = 200mVrms 



100K 1 M 

FREQUENCY (Hz) 


PSRR vs FREQUENCY 

V Y = V x = 0 V 



100K 1M 
FREQUENCY (Hz) 


SUPPLY CURRENT vs TEMPERATURE 


SIGNAL/CONTROL CMRR vs TEMPERATURE 



0 25 50 75 

TEMPERATURE (°C) 


PSRR vs TEMPERATURE 












1 

CONTROl 

— 






; 

SIGNAL 



















0 25 50 75 

TEMPERATURE (OC) 


MULTIPLICATION ERROR vs V X 




0 25 50 75 

TEMPERATURE (<>C) 


0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

VOLTAGE APPLIED TO V x 
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HA-2546 


Typical Performance Curves (Continued)Vs = ± 15 V,Ta = 250C, See test circuit for multiplier configuration 
RISE TIME vs TEMPERATURE SUPPLY CURRENT vs SUPPLY VOLTAGE 



TEMPERATURE (°C) 



Applications Information 

Theory of Operation 


The HA-2546 is a two quadrant multiplier with one differen- 
tial signal channel, Vy+ and Vy_, one differential control 
channel, Vx+ and Vx-, and one differential input, Vz+ 
and Vz-, to complete the feedback of the output amplifier. 
Figure 1 shows a detailed functional block diagram of the 
HA-2546. The differential voltages of channels Vx and Vy 
are converted to differential currents. These currents are 
then multiplied in a circuit similar to a Gilbert Cell multiplier, 
producing a differential current product. The differential 
voltage of Vz is converted to a differential current which 
sums with the product currents. The differential “product/ 
sum” currents are converted to a single-ended current then 
converted to a voltage output by a transimpedance amplifier. 



The open loop transfer equation for the HA-2546 is: 

Vour = A [( V x + -Vx-^(VY + -VY- ) - <V Z+ - v z ->j ^ whore 

A = Output Amplifier Open Loop Gain 
SF= Scale Factor 
V X , Vy, Vz = Differential Inputs 

The scale factor is used to maintain the output of the multipli- 
er within the normal operating range of ±5V. The scale factor 
can be defined by the user by way of an optional 
external resistor, RexT> and the Gain Adjust pins, Gain 
Adjust A (GA A), Gain Adjust B (GA B), and Gain Adjust C 
{GA C). The scale factor is determined as follows: 

SF = 2, when GA B is shorted to GA C 

SF « 1 .2* RexT. when RexT is connected 
between GA A and GA C (RexT is in k ^) 

SF« 1.2* (RexT + 1.667kH), when RexT 

is connected to GA B and GA C (ReXT is > n kfl) 

The scale factor can be adjusted from 2 to 5. It should be 
noted that any adjustments to the scale factor will affect the 
AC performance of the control channel, Vx. The normal 
input operating range of Vx is equal to the scale factor 
voltage. 

The typical multiplier configuration is shown in Figure 2. The 
ideal transfer function for this configuration is: 

f (V X + - Vx-)(Vy + - Vy_) + v z _ 

V0UT = | > when ( V X+ " Vx-) > 0 

' 0 , when (Vx+ - Vx-) < 0 
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Applications Information (Continued) 

The Vx- pin is usually connected to ground so that when 
Vx+ is negative there is no signal at the output, i.e. two 
quadrant operation. If the Vx input is a negative going signal 
the Vx+ pin maybe grounded and the Vx- pin used as the 
input. 

The Vy_ terminal is usually grounded allowing Vy+ 
to swing ±5 volts. The Vz+ terminal is usually connected 
directly to VoUT to complete the feedback loop of the 
output amplifier while Vz- is grounded. The scale factor is 
normally set to 2 by connecting GA B to GA C. Therefore 
the transfer function becomes: 

x/ (Vx+MVy-) 


The multiplication error is trimmed to be minimum at full 
scale, Vx = 2V and Vy = 5 V. When Vy = 5V, the worst case 
multiplication error occurs when Vx ~ 0.65V. See Typical 
Performance Curves. 



Operation At Reduced Supply Voltages 

The HA-2546 will operate over a range of supply voltages, 
±8 to ± 1 5 volts. Use of supply voltages below ± 1 2 volts will 
cause degradation of electrical parameters. 

Offset Adjustment 

The signal channel offset voltage may be nulled by using a 
20K potentiometer between Vyio Adjust pins A and B and 
connecting the wiper to -V$. Reducing the signal channel 
offset voltage will reduce Vx AC feedthrough and improve 
the multiplication error. Output offset voltage can also be 
nulled by connecting Vz- to the wiper of a potentiometer 
which is tied between +V and -V. 

Capacitive Drive Capability 

When driving capacitive loads >20pF a 50H resistor should 
be connected between Vqut and v Z-> using Vz- as the 
output (see Figure 2). This will prevent the multiplier from 
going unstable due to the pole created by the load capacitor 
and reduce gain peaking at higher frequencies. 

Die Characteristics 

Transistor Count 87 

Die Dimensions 79.9 x 1 1 9.7 x 1 9 mils 

(2030 x 3040 x 480pm) 

Substrate Potential* V- 

Process High Frequency, Bipolar, Dl 

Passivation Nitride 

Thermal Constants (°C/W) Gj a 0j C 

HA1-2546 76 17 


v * The substrate maybe left floating (Insulating Die Mount) or it may be on a 

OUT conductor at V- potential. 
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August 1991 


Wideband Two Quadrant 
Analog Multiplier 


Features 

• Low Multiplication Error 1.6% 

• Input Bias Currents 1.2 (jA 

• Signal Input Feedthrough @ 5MHz -50dB 

• Wide Signal Bandwidth 100MHz 

• Wide Control Bandwidth 22MHz 


Applications 

° Military Avionics 
° Missile Guidance Systems 

• Medical Imaging Displays 

• Video Mixers 

• Sonar AGC Processors 

• Radar Signal Conditioning 

• Voltage Controlled Amplifier 

• Vector Generator 


Description 

The HA-2547 is a monolithic, high speed, two quadrant, 
analog multiplier constructed in Harris’ Dielectrically 
Isolated High Frequency Process. The high frequency 
performance of the HA-2547 rivals the best analog multipli- 
ers currently available including hybrids. 

The single-ended current output of the HA-2547 has a 
100MHz signal bandwidth (R[_ = 50 Cl) and a 22MHz 
control input bandwidth. High bandwidth and low distortion 
make this part an ideal component in video systems. The 
suitability for precision video applications is demonstrated 
further by low multiplication error (1.6%), low feedthrough 
(— 50d B), and differential inputs with low bias currents 
(1 .2jjA). The HA-2547 is also well suited for mixer circuits 
as well as AGC applications for sonar, radar, and medical 
imaging equipment. 

The current output of the HA-2547 allows it to achieve 
higher bandwidths than voltage output multipliers. An 
internal feedback resistor is provided to give an accurate 
current-to-voltage conversion and is trimmed to give a full 
scale output voltage of ±5 volts. The HA-2547 is not limited 
to multiplication applications only; frequency doubling and 
power detection are also possible. 

The HA-2547-9 has guaranteed operation from -40°C to 
+85°C, while the HA-2547-5 has guaranteed operation 
from 0°C to +75°C. The HA-2547 is available in a 16 pin 
Ceramic DIP. For MIL-STD-883 compliant product and 
LCC packages consult the HA-2547/883 datasheet. 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2862 
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Specifications HA-2547 


Absolute Maximum Ratings (Notei) 

Voltage Between V+ and V- Terminals 

Differential Input Voltage 

Output Current 

Maximum Junction Temperature 


Operating Temperature Range 

HA-2547-9 -40°C <T A £ +85°C 

HA-2547-5 0OC<T A <+75OC 

Storage Temperature Range -65°C < T A < +1 50°C 


Electrical Specifications +v = 


MULTIPLIER PERFORMANCE 


Multiplication Error (Note 2) 

Multiplication Error Drift 
Scale Factor Error 
THD+N (Note 3) 

Output Offset Voltage (Note 4) 

Average Offset Voltage Drift 


SIGNAL INPUT, Vy 


Input Offset Voltage 

Average Offset Voltage Drift 
Input Bias Current 

Input Offset Current 

Input Differential Resistance 

Small Signal Bandwidth (-3dB) (Notes 5, 1 0) 

Feedthrough (Note 1 3) 

Differential Input Range 
Common Mode Range 
CMRR (Note 6) 


Vy TRANSIENT RESPONSE 


Rise Time (Note 15) 
Propagation Delay 


CONTROL INPUT, V X 


Input Offset Voltage 

Average Offset Voltage Drift 
Input Bias Current 

Input Offset Current 

Input Differential Resistance 

Small Signal Bandwidth (-3dB) (Notes 5, 1 0) 

Feedthrough (Note 1 4) 

Input Range (Note 1 2) 

Common Mode Range 
CMMR (Note 7) 


V X TRANSIENT RESPONSE 


Rise Time (Note 16) 
Propagation Delay 


OUTPUT CHARACTERISTICS 


Full Scale Output Voltage (Note 8) 
Full Scale Output Current (Note 1 1 ) 
Output Resistance 


POWER SUPPLY 


PSRR (Note 9) 
! CC 


! = -15V, Rz (Pin 10) Grounded, Unless Otherwise Specified 






1.6 

3 

3.0 

7 

0.003 

- 

0.7 

5 

0.03 

- 

6 

15 

14 

20 

- 

- 


1.6 

3 

%FS 

3.0 

7 

%FS 

0.003 

- 

%/°C 

0.7 

5 

% 

0.03 

- 

% 

6 

15 

mV 

14 

20 

mV 

- 

- 

nv/oc 
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NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, 
beyond which the servicability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied 

2. Error is percent of full scale, 1% = 50m V. 

3. f Q = 10kHz, V Y = iVrms, V x = 2 V. 

4. V x = 0V, V Y = OV. 

5. R L = 50ft. 

6. V Y = 0 to ±5 V, V X = 2 V. 

7. V x = 0 to 2 V, V Y = 5V. 

8. V Y = ±5, V x = 2.5V. 


9. V S = ±12V to ±15V, V Y = 5 V, V x = 2 V. 

10. Guaranteed by sample test and not 100% tested. 

11. Output current tolerance is ±20%. 

12. Scale Factor = 2. See Applications Information. 

13. f 0 = 5MHz, V x = 0, V Y = 200mVrms. Relative to full scale output. 

14. f 0 = 5MHz, V Y = 0, V x + = 200mVrms, V x - = -0.5 V. Relative to full 
scale output. 

15. V Y = ±5V, V x = 2V, R l = 50ft. 

16. V x = 0 to 2V, V Y = 5V, R l = 50ft. 








HA-2547 


Typical Performance Curves Vs = ±15V, Ta = + 250C 


V Y vs FREQUENCY 
Vy = 200mVrms, V X = 2V, Rl = 500 
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V X vs FREQUENCY 

V X+ = 1 0OmVrms, V X _ = -IV, Vy = 5V, R L = 500 



IIHIIII 

■III 

in 

Ulllllll 

HHHaim 

Bill 

■III 

in 

■mini 

MBIIII 

IIHIIII 

■III 

in 

smini 

■■■■nil 

IIHIIII 

■II 

n 

■HI 

M mi 

IIHIIII 

■II 

n 

■mi:n 

mi 

man 

■II 

n 

■mi! 

in 

IIHIIII 

■ii 

! 

■iiiiii 


IIHIIII 

■mi 

inmni 


IIHIIII 

■mi 

iuhiiii 

I^^hiiii 

IIHIIII 

■mi 

1 1111 : 1 1 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Vy FEEDTHROUGH vs FREQUENCY 
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CMRR (dB) , , CURRENT (jtA) PEA K OUTPUT VOLTAGE SWING (+ V) 


HA-2547 


Typical Performance Curves (Continued) Vs = ±isv, Ta = +25°c 

OUTPUT VOLTAGE SWING vs TEMPERATURE OFFSET VOLTAGE vs TEMPERATURE 









HA-2547 
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HA-2547 


Applications Information 

Theory of Operation 

The HA-2547 is a current output, two quadrant multiplier 
with one differential signal channel, Vy+ and Vy_, and one 
differential control channel, Vx+ and Vx— Figure 1 shows a 
detailed functional block diagram of the HA-2547. The 
differential voltages of channels Vx and Vy are converted to 
differential currents. These differential currents are then 
multiplied in a circuit similar to a Gilbert Cell multiplier, 
producing a differential current product. The differential 
product currents are then converted to a single-ended 
output current which is typically 2mA, ±20% at full scale 
(Vx = 2V , Vy = ±5V). A trimmed internal scaling resistor, 
R Z , is designed to convert the output current to an accurate 
voltage by grounding R Z (pin 10). Rz is trimmed such that 
at full scale output current the voltage drop across Rz will 
be ±5.0 volts. 



The transfer equation for the HA-2547 is: 

•OUT = VQUT = (Vx+-Vx-)(VY+-VY-)> where 

R Z SF ° R Z 

SF = Scale Factor 
Rz = 2.5kV (Internal) 

V X) Vy = Differential Inputs 

The scale factor is used to maintain the output of the 
multiplier within the normal operating range of ±5V. The 
scale factor can be defined by the user by way of an 
optional external resistor, Rext, and the Gain Adjust pins: 
Gain Adjust A (GA A), Gain Adjust B (GA B), and Gain Ad- 
just C (GA C). The scale factor is determined as follows: 

SF = 2, when GA B is shorted to GA C 

SF » (1.2)(Rext)> when Rext is connected between 
GA A and GA C (Rext is In kH) 

SF ~ (1.2)(RexT + 1.667kfi), when Rext is connected to 
GA B and GA C (Rext is in kf}). 

The scale factor can be adjusted from 2 to 5. It should be 
noted that any adjustments to the scale factor will affect the 
AC performance of the control channel, Vx- The normal 
input operating range of Vx is equal to the scale factor 
value. 


A typical multiplier configuration is shown in Figure 2. The 
ideal transfer function for this configuration is shown below, 
illustrating two quadrant operation: 

(Vx+-v X -)(Vy+-vy) 

VoUT = 2 .when (Vx+ - Vx-)>0 

0 ,when (Vx+ - Vx-) < 0 

The Vx- pin is usually connected to ground so that when 
Vx+ is negative there is no signal at the output, i.e. two 
quadrant operation. If the Vx input is a negative going signal 
the Vx+ pin maybe grounded and the Vx- pin used as the 
input. The Vy- terminal is usually grounded allowing Vy+ to 
swing ±5 volts. R Z is normally used as a feedback resistor 
for an external op amp to provide an accurate current- 
to-voltage conversion. The scale factor is normally set to 2 
by connecting GA B to GA C. Therefore, the transfer func- 
tion becomes: 

V0UT= (VX+)( V Y+) 

2 

The multiplication error is trimmed to be minimum at full 
scale, Vx = 2V and Vy = ±5V. When Vy = ±5V, the worst 
case multiplication error occurs when Vx ~ 0.8 V (Refer to 
typical performance curves). 



Operation At Various Supply Voltages 

The HA-2547 will operate over a range of supply voltages, 
±8 to ±1 5 volts. Use of supply voltages below ±12 volts will 
cause degradation of electrical parameters. 

Offset Adjustment 

The signal channel offset voltage may be nulled by using a 
20K potentiometer between Vyio Adjust pins A and B and 
connecting the wiper to -Vs- Reducing the signal channel 
offset voltage will reduce Vx AC feedthrough and improve 
the multiplication error. Output offset voltage can also be 
nulled by connecting V Z - to the wiper of a potentiometer 
which is tied between +V and -V. 
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HA-2 556 


PRELIMINARY Wideband Four Quadrant 

August 1991 Voltage Output Analog Multiplier 


Features 

• High Speed Voltage Output 350V/jjs 

• Low Multiplication Error 1.5% 

• Input Bias Currents 5 jjA 

• Y Input Feedthrough -60dB 

• Wide X and Y Channel Bandwidth 30MHz 

• Gain Flatness to 10 MHz O.IOdB 


Applications 

• Military Avionics 

• Missile Guidance Systems 

• Medical Imaging Displays 

• Video Mixers 

• Sonar AGC Processors 

• Radar Signal Conditioning 

• Voltage Controlled Amplifier 

• Vector Generator 


Description 

The HA-2556 is a monolithic, high speed, four quadrant, 
analog multiplier constructed in the Harris Dielectrically 
Isolated High Frequency Process. The high frequency per- 
formance of the HA-2556 rivals the best analog multipliers 
currently available including hybrids. 

The HA-2556 has a voltage output X and Y channel band- 
width of 30MHz, and a 350V/jjs slew rate. High bandwidth 
and slew rate make this part an ideal component for use in 
video systems. The suitability for precision video applications 
is demonstrated further by the 0.1 dB gain flatness to 1 0MHz, 
1.5% multiplication error, -60dB feedthrough and 
differential inputs with 5 /jA bias currents. The HA-2556 also 
has low differential gain (0.1%) and phase (0.1°) errors. 

The HA-2556 is well suited for AGC circuits as well as 
mixer applications for sonar, radar, and medical imaging 
equipment. The voltage output of the HA-2556 simplifies 
many designs by eliminating the current-to-voltage conver- 
sion stage required for current output multipliers. 

The HA-2556-9 has guaranteed operation from -40°C 
to +85°C. The HA-2556-5 has guaranteed operation 
from 0°C to +70°C. The HA-2556 is available in a 16 pin 
Ceramic DIP. For MIL-STD-883 compliant product and 
LCC packages consult thfe HA-2556/883 datasheet. 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjj e Number 2477.1 

Copyright © Harris Corporation 1991 
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Specifications HA -2556 


Absolute Maximum Ratings (Note i) 


Voltage Between V+ and V- Terminals 35V 

Differential Input Voltage 6V 

Output Current ±60mA 

Maximum Junction Temperature +175°C 


Operating Temperature Range 

HA-2556-9 -40°C <T A < +850C 

HA-2556-5 0°C<T A <+70°C 

Storage Temperature Range -65°C < T A < +1 50°C 


Electrical Specifications V+ = 15V, V- = -15V f R l = IK, C[_ = 50pF, Unless Otherwise specified 


PARAMETER 

TEMP 

HA-2556-9 

HA-2556-. 

5 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MULTIPLIER PERFORMANCE 

Multiplication Error (Note 2) 

+25°C 

- 

1.5 

3 

- 

1.5 

3 

% 


Full 

- 

3.0 

6 

- 

3.0 

6 

% 

Multiplication Error Drift 

Full 

- 

0.003 

- 

- 

0.003 

- | 

%/°C 

Differential Gain (Note 3,10) 

+25°C 

- 

0.1 

0.2 

- 

0.1 

0.2 

% 

Differential Phase (Note 3,10) 

+25°C 

- 

0.1 

0.3 

- 

0.1 

0.3 

Deg. 

Gain Flatness (Note 6,1 0) 









DC to 10 MHz 

+25°C 

- 

0.1 

0.2 

- 

0.1 

0.2 

dB 

Scale Factor 

+25°C 

- 

5 

- 

- 

5 

- 

V 

1 % Vector Bandwidth Error 

+25°C 

- 

260 

- 

- 

260 

- 

kHz 

THD + N (Note 4) 

+25°C 

- 

0.03 

- 

- 

0.03 

- 

% 

Voltage Noise (Note 1 2) 









f o =10Hz 

+25°C 

- 

400 

- 

- 

400 

- 

nV/v/Hz 

f o =100Hz 

+25°C 

- 

150 

- 

- 

150 

- 

nV/^/Hz 

f 0 =1kHz 

+25°C 

- 

75 

- 

- 

75 

- 

nV/x/Hz 

| SIGNAL INPUT, V X ,V Y ,V Z | 

Input Offset Voltage 

+25°C 

- 

3 

10 

- 

3 

10 

mV 


Full 

- 

8 

20 

- 

8 

20 

mV 

Average Offset Voltage Drift 

Full 

_ 

45 

- 

- 

45 

- 

jiV/QC 

Input Bias Current 

+25°C 

" 

5 

10 

- 

5 

10 

pA 


Full 

- 

10 

15 

- 

10 

15 

MA 

Input Offset Current 

+25°C 

- 

0.5 

1 

- 

0.5 

1 

m a 


Full 


1.0 

1.5 

- 

1.0 

1.5 

pA 

Differential Input Resistance 

+25°C 

- 

720 

- 

- 

720 

- 

kfi 

Small Signal Bandwidth (-3dB) 

+25°C 

- 

30 

- 

- 

30 

- 

MHz 

Full Power Bandwidth (Note 5) 

+25°C 

- 

9.5 

- 

- 

9.5 

- 

MHz 

Y Input Feedthrough (Note 1 1 ) 

+25°C 

_ 

-60 

- 

- 

-60 

- 

dB 

Differential Input Range 

+25°C 

±5 

- 

- 

±5 

” 

- 

V 

Common Mode Range 

+25°C 

- 

±9 

- 

- 

±9 

- 

Volts 

CMRR (Note 6) 

Full 

60 

78 

- 

60 

78 

- 

dB 

| V X ,V Y TRANSIENT RESPONSE | 

Slew Rate (Note 7) 

+25°C 

- 

350 

- 

- 

350 

- 

V/ps 

Rise Time (Note 8) 

+25°C 

- 

11 

- 

- 

11 

- 

ns 

Overshoot (Note 8) 

+25°C 

- 

17 

- 

- 

17 

- 

% 

Propagation Delay 

+25°C 

- 

25 

- 

- 

25 

- 

ns 

Settling Time (Note 7) 0.1 % 

+25°C 

" 

200 

- 

- 

200 

- 

ns 
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Specifications HA-2556 


Electrical Specifications (Continued) V+ = 15V, V- = -15V, R L = IK, Cl = 50pF, Unless Otherwise Specified 




HA-2556-9 

HA-2556-5 


PARAMETER 

TEMP 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

V Z TRANSIENT RESPONSE 

Slew Rate (Note 7) 

+25°C 

- 

350 

- 

- 

350 

- 

V/ M s 

Rise Time (Note 8) 

+25°C 

- 

11 

- 

- 

11 

- 

ns 

Overshoot (Note 8) 

+25°C 

- 

17 

- 

- 

17 

- 

% 

Propagation Delay 

+25°C 

- 

25 

- 

- 

25 

- 

ns 

Settling Time (Note 7) 0.1 % 

+25°C 

- 

200 

- 

- 

200 

- 

ns 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 1 3) 

Full 

- 

±6.05 

Bj 

- 

±6.05 


Volts 

Output Current 

■■ 

±20 

±45 


±20 

±45 


mA 

Output Resistance 


- 

1 

1 

1 

- 


n 

POWER SUPPLY 

PSRR (Note 9) 


P| 


- 

P| 

63 

- 

dB 

Supply Current 

WBM 



20 


18 

20 

mA 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, 
beyond which the servicability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 

2. Error is percent of full scale, 1 % = 50mV. 

3. f 0 = 4.43MHz, V Y = 300mVp-p, 0 to IVdc offset, V x = 5V. 

4. f 0 = 10kHz, V Y = IVrms, V x = 5V. 

5. Full Power Bandwidth calculated by equation: 

F p BW = SlmvR2!e,v 5V 

2n V peak 

6. V| N = Oto ±10. 


Functional Block Diagram 


7. v OUT = 0 to ±5V. 

8. VquT — 0 to ± 1 0OmV. 

9. V S = ±12Vto±15V. 

10. Guaranteed by characterization and not 100% tested. 

11. f 0 = 5MHz. 

12. V X = V Y = 0. 

13. V X = 5.5V, V Y = ±5.5 



The transfer equation for the HA-2556 is: 
(V X + - V X -) (V Y+ - Vy_) = SF (V Z+ - V Z _), 
where SF = Scale Factor = 5V 
VX, VY, VZ = Differential Inputs. 
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Wideband Four Quadrant 
Current Output Analog Multiplier 


Features 

• Low Multiplication Error 1.5% 

• Input Bias Currents 5pA 

• Y Input Feedthrough @ 5MHz -60dB 

• Wide X and Y Channel Bandwidth 100MHz 


Applications 

• Military Avionics 

• Missile Guidance Systems 

• Medical Imaging Displays 

• Video Mixers 

° Sonar AGC Processors 

• Radar Signal Conditioning 

® Voltage Controlled Amplifier 

• Vector Generator 


Description 

The HA-2557 is a monolithic, high speed, four quadrant, 
analog multiplier constructed in Harris’ Dielectrically 
Isolated High Frequency Process. The high frequency 
performance of the HA-2557 rivals the best analog multipli- 
ers currently available including hybrids. 

The single-ended current output of the HA-2557 has a 
100MHz signal bandwidth (R[_ = 50ft). High bandwidth and 
low distortion make this part an ideal component in video 
systems. The suitability for precision video applications is 
demonstrated further by low multiplication error (1.5%), low 
feedthrough (-60dB), and differential inputs with low bias 
currents (5pA). The HA-2557 is also well suited for mixer 
circuits as well as AGC applications for sonar, radar, and 
medical imaging equipment. 

The current output of the HA-2557 allows it to achieve 
higher bandwidths than voltage output multipliers. Full 
scale output current is trimmed to 1.6mA. An internal 
2500ft feedback resistor is also provided to accurately 
convert the current, if desired, to a full scale output voltage 
of ±4V. The HA-2557 is not limited to multiplication 
applications only; frequency doubling and power detection 
are also possible. 

The HA-2557-9 has guaranteed operation from -40°C to 
+85°C, while the HA-2557-5 has guaranteed operation 
from 0°C to +70°C. The HA-2557 is available in a 16 pin 
Ceramic DIP. For MIL-STD-883 compliant product and 
LCC packages consult the HA-2557/883 datasheet. 


Pinout 

HA1-2557 (CERAMIC DIP) 
TOP VIEW 



Schematic 

+ V 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pj|g Number 2473.2 

Copyright © Harris Corporation 1991 
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Specifications HA-2557 


Absolute Maximum Ratings (Notei) Operating Temperature Range 

Voltage Between V+ and V- Terminals 35V HA-2557-9 -40°C <Ta < +85°C 

Differential Input Voltage 6V HA-2557-5 0°C < Ta < +70°C 

Output Current 3mA Storage Temperature Range -65°C < Ta < +1 50°C 

Maximum Junction Temperature +175°C 


Electrical Specifications +V = + 1 5V, -V = -1 5V, Unless Otherwise specified 


PARAMETER 

TEMP 

HA-2557-9 

HA-2557-, 

5 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MULTIPLIER PERFORMANCE | 

Multiplication Error (Note 2) 

+25°C 

- 

1.5 

3 

- 

1.5 

3 

%FS 


Full 

- 

3.0 

6 

- 

3.0 

6 

%FS 

Multiplication Error Drift 

Full 

- 

0.003 

- 

- 

0.003 

- 

%/°C 

Scale Factor 

+25°C 

- 

10 

- 

- 

10 

- 

kv-n 

THD+N (Note 3) 

+25°C 

- 

0.03 

- 

- 

0.03 

- 

% 

Output Offset Voltage (Note 4) 

+25°C 

- 

6 

15 

- 

6 

15 

mV 


Full 

- 

14 

20 

- 

14 

20 

mV 

Average Offset Voltage Drift 

Full 

- 

- 

- 

- 

- 

- 

jjV/°C 

Vx.Vy.Vz 

Input Offset Voltage 

+25°C 

- 

4 

10 

- 

4 

10 

mV 


Full 

- 

8 

20 

- 

8 

20 

mV 

Average Offset Voltage Drift 

Full 

- 

35 

- 

- 

35 

- 

|aV/°C 

Input Bias Current 

+25°C 

- 

5 

10 

- 

5 

10 

HA 


Full 

- 

10 

15 

- 

10 

15 

^A 

Input Offset Current 

+25°C 

- 

0.5 

1 

- 

0.5 

1 

mA 


Full 

- 

1.0 


- 

1.0 

1.5 

mA 

Differential Input Resistance 

+25°C 

- 

720 


- 

720 

- 

kn 

Small Signal Bandwidth (-3dB) (Note 5) 

+25<>C 

- 

100 


- 

100 

- 

MHz 

Y Input Feedthrough (Note 8) 

+25°C 

- 

-60 

' 1 

- 

-60 

- 

dB 

Differential Input Range 

+25°C 

±4 

- 


±4 

- 

- 

Volts 

Common Mode Range 

+25°C 

- 

±9 

1 

- 

±9 

- 

Volts 

CMRR (Note 6) 

Full 

60 

78 


60 

78 

- 

dB 

Vx, Vy TRANSIENT RESPONSE (Note 5) 

Rise Time 

+25°C 


5 


- 

5 

- 

ns 

Propagation Delay 

+25°C 


3 

■ 

" 

3 

" 

ns 

OUTPUT CHARACTERISTICS 

Full Scale Output Compliance Voltage 

Full 


4 

H 


4 

■ 

Volts 

Full Scale Output Current 

-I ?5°C 


1.6 

B 


1.6 

1 . 

mA 

Internal Feedback Resistor (Rz) 

+25°C 

■ 

2500 

■ 


2500 

m 

Ci 

Output Resistance 

+25°C 

■ 

1.5 


1 

1.5 


Mn 

POWER SUPPLY 

PSRR (Note 7) 

mm 

- 

63 

- 

- 

63 

- 

dB 

•cc 

■B 

- 

18 

20 

- 

18 

20 

mA 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, 
beyond which the servicability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 

2. Error is percent of full scale, 1% = 50mV. 

3. f 0 = 10kHz, V Y = IVrms, V x = 4V. 


4. V X = OV, V Y = OV. 

5. r l = son. 

6. V CM = 0 to ±9V. 

7. V S = ±1 2V to ±1 5V. 

8. f 0 = 5MHz. Relative to full scale output. 















































HA-2557 


Test Circuits 

AC AND TRANSIENT RESPONSE TEST CIRCUIT 



V Y TRANSIENT RESPONSE 

Vertical Scale: Top 5V/Div Bottom: lOOmV/Div 
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ICL8013 
Four Quadrant 
Analog Multiplier 


GENERAL DESCRIPTION 

The ICL8013 is a four quadrant analog multiplier whose 
output is proportional to the algebraic product of two input 
signals. Feedback around an internal op-amp provides level 
shifting and can be used to generate division and square 
root functions. A simple arrangement of potentiometers may 
be used to trim gain accuracy, offset voltage and feed- 
through performance. The high accuracy, wide bandwidth, 
and increased versatility of the ICL8013 make it ideal for all 
multiplier applications in control and instrumentation sys- 
tems. Applications include RMS measuring equipment, fre- 
quency doublers, balanced modulators and demodulators, 
function generators, and voltage controlled amplifiers. 


FEATURES 

• Accuracy of ± 0.5% (“A” Version) 

• Full ± 10V Input Voltage Range 

• 1MHz Bandwidth 

• Uses Standard ±15V Supplies 

• Built-in Op Amp Provides Level Shifting, Division and 
Square Root Functions 


ORDERING INFORMATION 


Part 

Number 

Multiplication 

Error 

Temperature 

Range 

Package 

ICL8013AM TX 

±0.5%] 

— 55°C to + 1 25°C 


ICL8013BMTX 

±1% > MAX 

— 55°C to + 1 25°C 


ICL8013CM TX 

±2% J 

— 55°C to + 1 25°C 

10-LEAD 

ICL8013AC TX 

±5% ] 

0°C to + 70°C 


ICL8013BC TX 

±1% 7 MAX 

0°C to +70°C 


ICL8013CC TX 

±2% J 

0°C to +70°C 




HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. .. , 

File Number 2863 


NOTE: All typical values have been characterized but are not tested. 
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1CL8013 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage ±18V 

Power Dissipation (Note 1) 500mW 

Input Voltages 

(X|N. Yin, Z| Ni Xos, Yqs. Zos) VsuPPLY 


NOTE 1: Derate at 6.8mW/°C for operation at ambient temperature above 75°C. 


Operating Temperature Range: 

ICL8013XC 0°C to + 70°C 

ICL8013XM — 55°C to +125°C 

Storage Temperature Range -65°Cto +150°C 

Lead Temperature (Soldering, lOsec) 300°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Unless otherwise specified Ta = 25°C, Vsupply = ±15V p Gain and Offset 
Potentiometers Externally Trimmed) 


Parameter 

Test Conditions 

ICL8013A 

ICL8013B 

ICL8013C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Multiplier Function 



XY 

10 



XY 

10 



XY 

10 



Multiplication Error 

o o 

V V 

X >- 

V V 

o o 

7 7 



0.5 



1.0 



2.0 

% Full Scale 

Divider Function 



10Z 

X 



10Z 

X 



10Z 

X 



Division Error 

X= —10 

X= —1 


0.3 

1.5 



0.3 

1.5 



0.3 

1.5 


% Full Scale 
% Full Scale 

Feedthrough 

< X 

II II 
o o 

X -< 

II II 

1+ 1+ 

o o 

< < 



50 

50 



100 

100 



200 

150 

mV 

mV 

Non-Linearity 

X Input 

X = 20V p _p 

Y= ± lOVdc 


±0.5 



±0.5 



±0.8 


% 

Y Input 

Y=20V p _p 

X=± lOVdc 


±0.2 



±0.2 



±0.3 


% 

Frequency Response 

Small Signal Bandwidth (-3dB) 



1.0 



1.0 



1.0 


MHz 

Full Power Bandwidth 



750 



750 



750 


kHz 

Slew Rate 



45 



45 



45 


V/JLIS 

1 % Amplitude Error 



75 



75 



75 


kHz 

1 % Vector Error 
(0.5° Phase Shift) 



5 



5 



5 


kHz 

Settling Time 

(to ±2% of Final Value) 

Overload Recovery 
(to ±2% of Final Value) 

V, N = ± 10V 


1 

1 



1 

1 



1 

1 


JJiS 

fxS 

Output Noise 

5 Hz to 10 kHz 

5 Hz to 5 MHz 


0.6 

3 



0.6 

3 



0.6 

3 


mV rms 
mV rms 

Input 

Resistance 

X Input 

V, N = 0V 


10 



10 



10 


Mft 

Y Input 


6 



6 



6 


Mfl 

Z Input 


36 



36 



36 


kn 

Input Bias 
Current 

X or Y Input 

V, N = 0V 


2 

5 



7.5 



10 

jllA 

Z Input 


25 



25 



25 


juA 

Power 

Supply 

Variation 

Multiplication Error 



0.2 



0.2 



0.2 


%/% 

Output Offset 




50 



75 



100 

mV/V 

Scale Factor 



0.1 



0.1 



0.1 


%/% 

Quiescent Current 



3.5 

6.0 


3.5 

6.0 


3.5 

6.0 

mA 


NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (Unless otherwise specified Ta=25°C, Vsupply = ± 15V, Gain and Offset 
Potentiometers Externally Trimmed) (Continued) 


Parameter 

Test Conditions 

ICL8013A 

ICL8013B 

ICL8013C 

Units 


Typ 

U5S 


Bn 





The Following Specifications Apply Over the Operating Temperature Ranges 

Multiplication 

Error 

-10V<X| N <10V, 

-10V<Y| N <10V 

■ 




2 



3 


% Full Scale 

Average 

Temperature 

Coefficients 

Accuracy 



0.06 



0.06 



|23 


%/°C 

Output Offset 









0.2 


mV/°C 

Scale Factor 









331 


%/°C 

Input Bias 
Current 

X or Y Input 

< 

z 

II 

0 

< 



5 



5 




ju,A 

Z Input 



25 







/aA 

Input Voltage (X, Y, or Z) 




±10 






±10 

V 

Output Voltage Swing 

R[_^2kn 

C L <1000pF 


±10 






±10 


V 


v + 



0325-3 

Figure 3: Differential Amplifier 


v+ 



0325-4 

Figure 4: Transconductance Multiplier 


DETAILED DESCRIPTION 


The fundamental element of the ICL8013 multiplier is the 
bipolar differential amplifier of Figure 3. 

The small signal differential voltage gain of this circuit is 
given by 


_ Vqut _Rl 
Vin ie 


Substituting r e = — = 
9m 


kT 

q>E 


VouT = V| N y= = V| N • ql ^ L 

r e k i 

The output voltage is thus proportional to the product of 
the input voltage Vin and the emitter current Ie- In the sim- 
ple transconductance multiplier of Figure 4, a current 
source comprising Q 3 , D-j, and Ry is used. If Vy is large 
compared with the drop across Di, then 
Vy 

Ip'V— =2l E and 


V ° UT= kTR^ (Vx * Vy) 

There are several difficulties with this simple modulator: 

1 : Vy must be positive and greater than Vp. 

2: Some portion of the signal at V x will appear at the 

output unless 1 E = 0. 

3: V x must be a small signal for the differential pair to 

be linear. 

4: The output voltage is not centered around ground. 

The first problem relates to the method of converting the 
Vy voltage to a current to vary the gain of the V x differential 
pair. A better method, Figure 5, uses another differential 
pair but with considerable emitter degeneration. In this cir- 


NOTE: All typical values have been characterized but are not tested. 
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ICL8013 


cuit the differential input voltage appears across the com- 
mon emitter resistor, producing a current which adds or 
subtracts from the quiescent current in either collector. This 
type of voltage to current converter handles signals from 0 
volts to ±10 volts with excellent linearity. 



The second problem is called feedthrough; i.e. the prod- 
uct of zero and some finite input signal does not produce 
zero output voltage. The circuit whose operation is illustrat- 
ed by Figures 6A, B, and C overcomes this problem and 
forms the heart of many multiplier circuits in use today. 

This circuit is basically two matched differential pairs with 
cross coupled collectors. Consider the case shown in 6A of 
exactly equal current sources biasing the two pairs. With a 
small positive signal at V|n, the collector current of Q-| and 
Q4 will increase but the collector currents of Q2 and Q3 will 
decrease by the same amount. Since the collectors are 
cross coupled the current through the load resistors re- 
mains unchanged and independent of the Vin input voltage. 



In Figure 6B, notice that with V|n = 0 any variation in the 
ratio of biasing current sources will produce a common 
mode voltage across the load resistors. The differential out- 
put voltage will remain zero. In Figure 6C we apply a differ- 
ential input voltage with unbalanced current sources. If Iei 
is twice lf=2» the gain of differential pair Q-| and Q2 is twice 
the gain of pair Q3 and Q4. Therefore, the change in cross 
coupled collector currents will be unequal and a differential 
output voltage will result. By replacing the separate biasing 
current sources with the voltage to current converter of Fig- 
ure 5 we have a balanced multiplier circuit capable of four 
quadrant operation (Figure 7). 



NOTE: All typical values have been characterized but are not tested. 
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ICL8013 


This circuit of Figure 7 still has the problem that the input 
voltage V|n must be small to keep the differential amplifier 
in the linear region. To be able to handle large signals, we 
need an amplitude compression circuit. 


v+ 



0325-9 

Figure 7: Typical Four Quadrant 
Multiplier-Modulator 
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l 

6 

0325-10 

Figure 8A: Current Gain Cell 


v+ 



0325-11 

Figure 8B: Voltage Gain with 
Signal Compression 


Figure 4 showed a current source formed by relying on 
the matching characteristics of a diode and the emitter base 
junction of a transistor. Extension of this idea to a differen- 
tial circuit is shown in Figure 8 A. In a differential pair, the 
input voltage splits the biasing current in a logarithmic ratio. 
(The usual assumption of linearity is useful only for small 
signals.) Since the input to the differential pair in Figure 8A 
is the difference in voltage across the two diodes, which in 
turn is proportional to the log of the ratio of drive currents, it 
follows that the ratio of diode currents and the ratio of col- 
lector currents are linearly related and independent of am- 
plitude. If we combine this circuit with the voltage to current 
converter of Figure 5 , we have Figure 8B. The output of the 
differential amplifier is now proportional to the input voltage 
over a large dynamic range, thereby improving linearity 
while minimizing drift and noise factors. 

The complete schematic is shown in Figure 9 . The differ- 
ential pair Q3 and Q4 form a voltage to current converter 
whose output is compressed in collector diodes Qi and Q2. 
These diodes drive the balanced cross-coupled differential 
amplifier Q7/Q8 Q14/Q15. The gain of these amplifiers is 
modulated by the voltage to current converter Qg and Qio- 
Transistors Q5, Cta Qn, and Q12 are constant current 
sources which bias the voltage to current converter. The 
output amplifier comprises transistors Q-J6 through Q27. 


NOTE: All typical values have been characterized but are not tested. 


8-96 



ICL8013 



MULTIPLICATION 

In the standard multiplier connection, the Z terminal is 
connected to the op amp output. All of the modulator output 
current thus flows through the feedback resistor R27 and 
produces a proportional output voltage. 



1 . Set Xin = Yin = OV and adjust Zqs for zero Output. 


2. Apply a ± 1 0V low frequency ( ^ 1 00Hz) sweep (sine 
or triangle) to Yin with X|n = OV, and adjust Xqs for 
minimum output. 

3. Apply the sweep signal of Step 2 to X|n with 
Y|n = 0V and adjust Yqs for minimum Output. 

4. Readjust Zqs os in Step 1 , if necessary. 

5. With Xin = 1 0.0V DC and the sweep signal of Step 2 
applied to Yin, adjust the Gain potentiometer for 
Output =Y| n. This is easily accomplished with a dif- 
ferential scope plug-in (A+B) by inverting one sig- 
nal and adjusting Gain control for 
(Output - Yin) = Zero. 



DIVISION 

If the Z terminal is used as an input, and the output of the 
op-amp connected to the Y input, the device functions as a 
divider. Since the input to the op-amp is at virtual ground, 
and requires negligible bias current, the overall feedback 
forces the modulator output current to equal the current 
produced by Z. 

Z|M 

Therefore Io = X|n*Y|n~~^~ = IOZin 
R 

Since Y[ N = E 0 ut, Eout = 

Xin 


NOTE: All typical values have been characterized but are not tested. 
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Note that when connected as a divider, the X input must 
be a negative voltage to maintain overall negative feedback. 


z IN 



Figure 11 A: Division Block Diagram 


Xos Yos Zos 



0325-16 

Figure 11B: Actual Circuit Connection 


Divider Trimming Procedure 

1 . Set trimming potentiometers at mid-scale by adjust- 
ing voltage on pins 7, 9 and 10 (Xos. Yqs> Zos) for 
zero volts. 

2. With Zin = 0V, trim Zqs to hold the Output constant, 
as X|n is varied from -10V through -IV. 

3. With Zin = 0V and X|n = — 1 0.0V adjust Yos for zero 
Output voltage. 

4. With Z|n = X|n (and/or Z|n= -Xin) adjust Xqs for 
minimum worst-case variation of Output, as Xin is 
varied from -10V to -IV. 

5. Repeat Steps 2 and 3 if Step 4 required a large 
initial adjustment. 

6. With Z|n = X|n (and/or Z|n = -Xin) adjust the gain 
control until the output is the closest average 
around + 10.0V (-10V for Z| N =-X !N ) as Xin is 
varied from -10V to -3V. 


SQUARING 

The squaring function is achieved by simply multiplying 
with the two inputs tied together. The squaring circuit may 
also be used as the basis for a frequency doubler since 
cos 2 a)t= y 2 (cos 2cot+ 1). 


z 




SQUARE ROOT 

Tying the X and Y inputs together and using overall feed- 
back from the Op Amp results in the square root function. 
The output of the modulator is again forced to equal the 
current produced by the Z input. 

>0 = X|n # Y|n = ( ~ E quj) 2 = 1 0Z| N 
EoUT= -1/10Z|n 

The output is a negative voltage which maintains overall 
negative feedback. A diode in series with the Op Amp out- 
put prevents the latchup that would otherwise occur for 
negative input voltages. 


It 

K 

N O— — 1 

i 

10 

Eour = - n/ToZin 

OPAM^ rt“- 1 ° 

XiNO — 4 

— f MODULATOR lo = E 0 2 

Yin J7“ 

0325-19 

Figure 13A: Square Root Block Diagram 


NOTE: All typical values have been characterized but are not tested. 
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Figure 13B: Actual Circuit Connection 


Square Root Trimming Procedure 

1 . Connect the ICL8013 in the Divider configuration. 

2. Adjust Zqs. Yqs. Xqs. and Gain using Steps 1 
through 6 of Divider Trimming Procedure. 

3. Convert to the Square Root configuration by con- 
necting Xin to the Output and inserting a diode be- 
tween Pin 4 and the Output node. 

4. With Z|n = 0V adjust Zqs for zero Output voltage. 

VARIABLE GAIN AMPLIFIER 

Most applications for the ICL8013 are straight forward 
variations of the simple arithmetic functions described 
above. Although the circuit description frequently disguises 
the fact, it has already been shown that the frequency dou- 
bler is nothing more than a squaring circuit. Similarly the 
variable gain amplifier is nothing more than a multiplier, with 
the input signal applied at the X input and the control volt- 
age applied at the Y input. 



TYPICAL APPLICATIONS 



Figure 15: Multiplication 


Xos Vos Zos 



Xoso— >20k Yoso — ->20k Zoso — ►> 20k 


0325-24 

Figure 17: Potentiometers for Trimming Offset 
and Feedthrough 



NOTE: All typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


AMPLITUDE AND PHASE AS A 
FUNCTION OF FREQUENCY 



Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


NONLINEARITY ASA 
FUNCTION OF FREQUENCY 



100 Ik 10k 100k 


FEEDTHROUGH AS A 
FUNCTION OF FREQUENCY 



-70 L-UK MUM J1H I HIM 
Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


0325-26 


FREQUENCY (Hz) 

0325-27 


0325-28 


DEFINITION OF TERMS 

Multiplication/Division Error: This is the basic accuracy 
specification. It includes terms due to linearity, gain, and 
offset errors, and is expressed as a percentage of the full 
scale output. 

Feedthrough: With either input at zero, the output of an 
ideal multiplier should be zero regardless of the signal ap- 
plied to the other input. The output seen in a non-ideal mul- 
tiplier is known as the feedthrough. 


Nonlinearity: The maximum deviation from the best straight 
line constructed through the output data, expressed as a 
percentage of full scale. One input is held constant and the 
other swept through its nominal range. The nonlinearity is 
the component of the total multiplication/division error 
which cannot be trimmed out. 


NOTE: All typical values have been characterized but are not tested. 
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GENERAL DESCRIPTION 


The ICL8038 Waveform Generator is a monolithic inte- 
grated circuit capable of producing high accuracy sine, 
square, triangular, sawtooth and pulse waveforms with a 
minimum of external components. The frequency (or repeti- 
tion rate) can be selected externally from .001Hz to more 
than 300kHz using either resistors or capacitors, and fre- 
quency modulation and sweeping can be accomplished with 
an external voltage. The ICL8038 is fabricated with ad- 
vanced monolithic technology, using Schottky-barrier di- 
odes and thin film resistors, and the output is stable over a 
wide range of temperature and supply variations. These de- 
vices may be interfaced with phase locked loop circuitry to 
reduce temperature drift to less than 250ppm/°C. 


ORDERING INFORMATION 


Part Number 


ICL8038CCPD 


ICL8038CCJD 


ICL8038BCJD 


ICL8038ACJD 


ICL8038BMJD* 


ICL8038AMJD* 


Stability 


250ppm/°C typ 
250ppm/°C typ 
180ppm/°Ctyp 
120ppm/°Ctyp 
350ppm/°C max 
250ppm/°C max 


*Add /883B to part number if 883 processing is required. 


CURRENT // 
SOURCE feA 


I COMPARATOR I 


I COMPARATOR I 

1 #2 | 


CURRENT t 
SOURCE f 
# 2 > 


ICL8038 

Precision Waveform 
Generator/Voltage 
Controlled Oscillator 


FEATURES 

° Low Frequency Drift With Temperature 
— 250ppm/°C 

° Simultaneous Sine, Square, and Triangle Wave 
Outputs 

° Low Distortion — 1% (Sine Wave Output) 

• High Linearity — 0.1% (Triangle Wave Output) 

° Wide Operating Frequency Range — 0.001Hz to 
300kHz 

• Variable Duty Cycle — 2% to 98% 

• High Level Outputs — TTL to 28V 

° Easy to Use — Just A Handful of External 
Components Required 


Temp. Range 


0°C to +70°C 


0°C to + 70°C 


0°C to +70°C 


0°C to + 70°C 


-55°C to + 1 25°C 


-55°C to + 1 25°C 


Package 


14 pin DIP 
14 pin CERDIP 
14 pin CERDIP 
14 pin CERDIP 
14 pin CERDIP 
14 pin CERDIP 


SINE WAVE 
ADJUST 


SINE WAVE 
OUT 


TRIANGLE 

OUT 


DUTY 

CYCLE 

FREQUENCY 

ADJUST 



FM SWEEP 
INPUT 




J sine L 
1 CONVERTER! 


JUL 


AW jW 


Figure 2: Pin Configuration 
(Outline dwg JD) 


Figure 1: Functional Diagram 


HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES. EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 0 0 G * 


NOTE: All typical values have been characterized but are not tested. 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (V - to V+) 36V 

Power Dissipation* 1 ) 750m W 

Input Voltage (any pin) V - to V+ 

Input Current (Pins 4 and 5) 25mA 

Output Sink Current (Pins 3 and 9) 25mA 


Storage Temperature Range — 65°C to + 1 50°C 

Operating Temperature Range: 

8038AM, 8038BM - 55°C to + 1 25°C 

8038AC, 8038BC, 8038CC 0°Cto +70°C 

Lead Temperature (Soldering, lOsec) 300°C 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


NOTE 1: Derate ceramic package at 12.5mW/°C for ambient temperatures above 100°C. 


ELECTRICAL CHARACTERISTICS (V SU pply= ± 10V or +20V, T A =25°C, R l = lokn, Test Circuit Unless 
Otherwise Specified) 




8038CC 





PH 

[J25JI 


PH 

EBJ 


PH 


Vsupply 

Supply Voltage Operating Range 











V+ 

Single Supply 

+ 10 



EBBi 


30 

BE! 



V 

v+, v- 

Dual Supplies 

±5 



■ 


BUB 

El 



V 

•supply 

Supply Current (Vsupply = ± 10V)( 2 ) 






mi 



HI 

aaaij 

8038AM, 8038BM 





sa 

xa 



mm 

mA 

8038AC, 8038BC, 8038CC 


■a 

mil 


■a 





mA 

Frequency Characteristics (all waveforms) | 

1 mam 


WEGM 



EEM 



El»l*l 




KM 



m 



■a 



■a 


■ 


Sweep FM Range* 3 ) 


ESI 



nn 







FM Linearity 10:1 Ratio 










% 


Frequency Drift With Temperature* 5 ) 
8038 AC, BC, CC 0°C to 70°C 


250 









8038 AM, BM, -55°Cto 125°C 









mu 


Frequency Drift With Supply Voltage 
(Over Supply Voltage Range) 











Output Characteristics 1 

•OLK 

Square-Wave 

Leakage Current (Vg = 30V) 



i 






i 

ju,A 


Saturation Voltage (Isink = 2mA) 


pip 



B»EE 



E3S1 

BftfE 

V 

v 

Rise Time (R|_=4.7kfl) 





E?H 



EEB1 


ns 

tf 

Fall Time (R L =4.7kft) 


El 



mm 



Ha 


ns 

AD 

Typical Duty Cycle Adjust (Note 6) 




2 


|PB 

■ 



% 

Vtriangle 

Triangle/Sawtooth/Ramp 

Amplitude (Rtri = lOOkfl) 







iBP8 





Linearity 


Btl 



0.05 





% 

ZOUT 

Output Impedance (louT = 5mA ) 


G2I 



200 



200 


a 


Sine-Wave 

Amplitude (Rsine = 100kn) 


0.22 


0.2 

0.22 


B1 


u 


|thd 

THD(R s =1Mft)*4) 



5 


IB 

mm 

■ 


m 

% 

IDEM 



KE1 

■ 


KO 


L_ 

aa 

■ 

% 


NOTES: 2. Ra and Rb currents not included. 

3. Vsupply = 20V; Ra and Rb= lOkfl, 10kHz nominal; can be extended 1000 to 1. See Figures 7a and 7b. 

4. 82kn connected between pins 11 and 12, Triangle Duty Cycle set at 50%. (Use Ra and Rb-) 

5. Figure 3, pins 7 and 8 connected, Vsupply = ±10V. See Typical Curves for T.C. vs Vsupply- 

6. Not tested, typical value for design purposes only. 


NOTE: All typical values have been characterized but are not tested. 
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TEST CONDITIONS 


Parameter 

Ra 

Rb 

Rl 

Cl 

SWi 

Measure 

Supply Current 



ioka 

3.3nF 

Closed 

Current into Pin 6 


ioka 

ioka 

ioka 

3.3nF 

Open 

Frequency at Pin 9 




ioka 

3.3nF 

Closed 

Frequency at Pin 3 

Frequency Drift with Supply Voltage( 2 ) 

ioka 

ioka 

ioka 

3.3nF 

Closed 

Frequency at Pin 9 

Output Amplitude: 

(Note 4) 

Sine 

10kfl 

ioka 

ioka 

3.3nF 

Closed 

Pk-Pk output at Pin 2 

Triangle 

lOktt 

ioka 

ioka 

3.3nF 

Closed 

Pk-Pk output at Pin 3 

Leakage Current (off)( 3 ) 

10 ka 

ioka 


3.3nF 

Closed 

Current into Pin 9 

Saturation Voltage (on)( 3 ) 

ioka 

ioka 


3.3nF 

Closed 

Output (low) at Pin 9 

Rise and Fall Times (Note 5) 

ioka 

ioka 

4.7ka 

3.3nF 

Closed 

Waveform at Pin 9 

Duty Cycle Adjust: 

(Note 5) 

MAX 

50ka 

~ 1 . 6 ka 

ioka 

3.3nF 

Closed 

Waveform at Pin 9 

MIN 

~ 25ka 

50ka 

ioka 

3.3nF 

Closed 

Waveform at Pin 9 

Triangle Waveform Linearity 

ioka 

ioka 

ioka 

3.3nF 

Closed 

Waveform at Pin 3 

Total Harmonic Distortion 

ioka 

ioka 

ioka 

3.3nF 

Closed 

Waveform at Pin 2 


NOTES: 1. The hi and !o frequencies can be obtained by connecting pin 8 to pin 7 (f^j) and then connecting pin 8 to pin 6 (f| 0 ). Otherwise apply Sweep Voltage at 
pin 8 (% Vsupply +2V)^Vsweep^Vsupply where Vsupply ' s the total supply voltage. In Figure 7b, pin 8 should vary between 5.3V and 10V with 
respect to ground. 

2. 10V£V+£30V, or ±5V<:V S upply^ ± 15V. 

3. Oscillation can be halted by forcing pin 10 to +5 volts or -5 volts. 

4. Output Amplitude is tested under static conditions by forcing pin 10 to 5.0V then to -5.0V. 

5. Not tested; for design purposes only. 


DEFINITION OF TERMS: 

Supply Voltage (Vsupply)* The total supply voltage from 
V+ to V- 

Supply Current. The supply current required from the pow- 
er supply to operate the device, excluding load currents and 
the currents through Ra and Re- 

Frequency Range. The frequency range at the square 
wave output through which circuit operation is guaranteed. 
Sweep FM Range. The ratio of maximum frequency to mini- 
mum frequency which can be obtained by applying a sweep 
voltage to pin 8. For correct operation, the sweep voltage 
should be within the range 

(% Vsupply +2V)<Vsweep < Vsupply 
FM Linearity. The percentage deviation from the best-fit 
straight line on the control voltage versus output frequency 
curve. 

Output Amplitude. The peak-to-peak signal amplitude ap- 
pearing at the outputs. 

Saturation Voltage. The output voltage at the collector of 
Q23 when this transistor is turned on. It is measured for a 
sink current of 2mA. 

Rise and Fall Times. The time required for the square wave 
output to change from 10% to 90%, or 90% to 10%, of its 
final value. 


Triangle Waveform Linearity. The percentage deviation 
from the best-fit straight line on the rising and falling triangle 
waveform. 


Total Harmonic Distortion. The total harmonic distortion 
at the sine-wave output. 




NOTE: All typical values have been characterized but are not tested. 
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DETAILED DESCRIPTION 
(See Figure 1) 

An external capacitor C is charged and discharged by two 
current sources. Current source #2 is switched on and off 
by a flip-flop, while current source #1 is on continuously. 
Assuming that the flip-flop is in a state such that current 
source #2 is off, and the capacitor is charged with a current 
I, the voltage across the capacitor rises linearily with time. 
When this voltage reaches the level of comparator # 1 (set 
at 2 / 3 of the supply voltage), the flip-flop is triggered, chang- 
es states, and releases current source #2. This current 
source normally carries a current 21, thus the capacitor is 
discharged with a net-current I and the voltage across it 
drops linearly with time. When it has reached the level of 
comparator #2 (set at y 3 of the supply voltage), the flip-flop 
is triggered into its original state and the cycle starts again. 

Four waveforms are readily obtainable from this basic 
generator circuit. With the current sources set at I and 21 
respectively, the charge and discharge times are equal. 
Thus a triangle waveform is created across the capacitor 
and the flip-flop produces a square-wave. Both waveforms 
are fed to buffer stages and are available at pins 3 and 9. 

The levels of the current sources can, however, be se- 
lected over a wide range with two external resistors. There- 
fore, with the two currents set at values different from I and 
21, an asymmetrical sawtooth appears at terminal 3 and 
pulses with a duty cycle from less than 1 % to greater than 
99% are available at terminal 9. 

The sine-wave is created by feeding the triangle-wave 
into a non-linear network (sine-converter). This network pro- 
vides a decreasing shunt-impedance as the potential of the 
triangle moves toward the two extremes. 


WAVEFORM TIMING 


The symmetry of all waveforms can be adjusted with the 
external timing resistors. Two possible ways to accomplish 
this are shown in Figure 5. Best results are obtained by 
keeping the timing resistors Ra and Rb separate (a). Ra 
controls the rising portion of the triangle and sine-wave and 
the 1 state of the square-wave. 

The magnitude of the triangle-waveform is set at y 3 Vqup- 
ply; therefore the rising portion of the triangle is, 

_CXV CX y 3 X VgUPPLY* Ra_ Ra^c 
^ I 0.22XVsuPPLY 0.66 
The falling portion of the triangle and sine-wave and the 0 
state of the square-wave is: 


t 2 =- 


CXV 


CX-VsuPPLY 


RaRbC 


1 2(0 22) VsUPPLY 0 22 VsUPPLY °- 66 ( 2 R A _r b) 

Rb Ra 

Thus a 50% duty cycle is achieved when Ra = Rb- 
If the duty-cycle is to be varied over a small range about 
50% only, the connection shown in Figure 5b is slightly 
more convenient. 

With two separate timing resistors, the frequency is given 
by 


f= 


ti+t 2 RaC / Rb A 
0.66V 2R a -R B / 


or, if R a = Rb = R 



0.33 

f =— — (for Figure 5a) 
RC 


NOTE: AH typical values have been characterized but are not tested \ 
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Neither time nor frequency are dependent on supply volt- 
age, even though none of the voltages are regulated inside 
the integrated circuit. This is due to the fact that both cur- 
rents and thresholds are direct, linear functions of the sup- 
ply voltage and thus their effects cancel. 

To minimize sine-wave distortion the 82kfl resistor be- 
tween pins 1 1 and 1 2 is best made variable. With this ar- 
rangement distortion of less than 1% is achievable. To re- 
duce this even further, two potentiometers can be connect- 
ed as shown in Figure 6; this configuration allows a typical 
reduction of sine-wave distortion close to 0.5%. 



SELECTING R A , F*b and C 

For any given output frequency, there is a wide range of 
RC combinations that will work, however certain constraints 
are placed upon the magnitude of the charging current for 
optimum performance. At the low end, currents of less than 
1 jliA are undesirable because circuit leakages will contrib- 
ute significant errors at high temperatures. At higher cur- 
rents (!>5mA), transistor betas and saturation voltages will 
contribute increasingly larger errors. Optimum performance 
will, therefore, be obtained with charging currents of 10jaA 
to 1 mA. If pins 7 and 8 are shorted together, the magnitude 
of the charging current due to Ra can be calculated from: 

t R-|X(V+-V-) ^ 1 0.22(V+-V~) 

(Ri + R 2 ) Ra Ra 

R-i and R 2 are shown in Figure 13. 

A similar calculation holds for Re- 

The capacitor value should be chosen at the upper end of 
its possible range. 

WAVEFORM OUT LEVEL CONTROL 
AND POWER SUPPLIES 

The waveform generator can be operated either from a 
single power-supply (10 to 30 Volts) or a dual power-supply 
(±5 to +15 Volts). With a single power-supply the average 
levels of the triangle and sine-wave are at exactly one-half 
of the supply voltage, while the square-wave alternates be- 
tween V+ and ground. A split power supply has the advan- 
tage that all waveforms move symmetrically about ground. 

The square-wave output is not committed. A load resistor 
can be connected to a different power-supply, as long as 
the applied voltage remains within the breakdown capability 
of the waveform generator (30V). In this way, the square- 
wave output can be made TTL compatible (load resistor 
connected to + 5 Volts) while the waveform generator itself 
is powered from a much higher voltage. 


NOTE: All typical values have been characterized but are not tested. 
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FREQUENCY MODULATION AND 
SWEEPING 

The frequency of the waveform generator is a direct func- 
tion of the DC voltage at terminal 8 (measured from V + ). By 
altering this voltage, frequency modulation is performed. 
For small deviations (e.g. ±10%) the modulating signal can 
be applied directly to pin 8, merely providing DC decoupling 
with a capacitor as shown in Figure 7a. An external resistor 
between pins 7 and 8 is not necessary, but it can be used to 
increase input impedance from about 8kO (pins 7 and 8 
connected together), to about (R + 8kfl). 

For larger FM deviations or for frequency sweeping, the 
modulating signal is applied between the positive supply 
voltage and pin 8 (Figure 7b). In this way the entire bias for 
the current sources is created by the modulating signal, and 
a very large (e.g. 1000:1) sweep range is created (f=0 at 
v sweep = °)- Care must be taken, however, to regulate the 
supply voltage; in this configuration the charge current is no 
longer a function of the supply voltage (yet the trigger 
thresholds still are) and thus the frequency becomes de- 
pendent on the supply voltage. The potential on Pin 8 may 
be swept down from V+ by (y 3 Vsupply~ 2V )- 

APPLICATIONS 

The sine wave output has a relatively high output imped- 
ance (Ikft Typ). The circuit of Figure 8 provides buffering, 
gain and amplitude adjustment. A simple op amp follower 
could also be used. 

With a dual supply voltage the external capacitor on Pin 
10 can be shorted to ground to halt the ICL8038 oscillation. 
Figure 9 shows a FET switch, diode ANDed with an input 
strobe signal to allow the output to always start on the same 
slope. 

To obtain a 1000:1 Sweep Range on the ICL8038 the 
voltage across external resistors Ra and Rb must decrease 
to nearly zero. This requires that the highest voltage on con- 



trol Pin 8 exceed the voltage at the top of Ra and Rb by a 
few hundred millivolts. The Circuit of Figure 10 achieves this 
by using a diode to lower the effective supply voltage on the 
ICL8038. The large resistor on pin 5 helps reduce duty cycle 
variations with sweep. 

The linearity of input sweep voltage versus output fre- 
quency can be significantly improved by using an op amp as 
shown in Figure 11. 

USE IN PHASE-LOCKED LOOPS 

Its high frequency stability makes the ICL8038 an ideal 
building block for a phase-locked loop as shown in Figure 
12. In this application the remaining functional blocks, the 


NOTE: All typical values have been characterized but are not tested. 
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M*iF >4.7k <4.7k 


5 4 « 


*<*>, 1 I b ICL8038 3 L 

FREQUENCY < I 8 T 


10 11 12 2H 


20k > -15M y =.0047 m F 


^DISTORTION 

100k 

-10V 


Figure 10: Variable Audio Oscillator, 
20Hz to 20kHz 
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ICL8038 

1 8 FUNCTION GENERATOR 3 
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- FREQUENCY 
SYMMETRY 
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SINE-WAVE 

DISTORTION 


Figure 11: Linear Voltage Controlled Oscillator 


phase-detector and the amplifier, can be formed by a num- 
ber of available IC’s (e.g. MC4344, NE562, HA2800, 
HA2820) 

In order to match these building blocks to each other, two 
steps must be taken. First, two different supply voltages are 
used and the square wave output is returned to the supply 
of the phase detector. This assures that the VCO input volt- 
age will not exceed the capabilities of the phase detector. If 
a smaller VCO signal is required, a simple resistive voltage 
divider is connected between pin 9 of the waveform genera- 
tor and the VCO input of the phase-detector. 


Second, the DC output level of the amplifier must be 
made compatible to the DC level required at the FM input of 
the waveform generator (pin 8, 0.8V +). The simplest solu- 
tion here is to provide a voltage divider to V+ (Rf, R 2 as 
shown) if the amplifier has a lower output level, or to ground 
if its level is higher. The divider can be made part of the low- 
pass filter. 

This application not only provides for a free-running fre- 
quency with very low temperature drift, but it also has the 
unique feature of producing a large reconstituted sinewave 
signal with a frequency identical to that at the input. 

For further information, see Harris Application Note A013, 
“Everything You Always Wanted to Know About The 
ICL8038.” 


NOTE: All typical values have been characterized but are not tested. 
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Figure 12: Waveform Generator Used as Stable VCO in a Phase-Locked Loop 
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NOTE: All typical values have been characterized but are not tested. 
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fP 


SEMICONDUCTOR 


ICL8048/ICL8049 

Log/Antilog Amplifier 


GENERAL DESCRIPTION 

The 8048 is a monolithic logarithmic amplifier capable of 
handling six decades of current input, or three decades of 
voltage input. It is fully temperature compensated and is 
nominally designed to provide 1 volt of output for each dec- 
ade change of input. For increased flexibility, the scale fac- 
tor, reference current and offset voltage are externally ad- 
justable. 

The 8049 is the antilogarithmic counterpart of the 8048; it 
nominally generates one decade of output voltage for each 
1 volt change at the input. 


FEATURES 

• y 2 % Full Scale Accuracy 

• Temperature Compensated for 0°C to + 70°C 
Operation 

• Scale Factor IV/Decade, Adjustable 

• 120dB Dynamic Current Range (8048) 

• 60dB Dynamic Voltage Range (8048 & 8049) 

• Dual JFET-Input Op-Amps 


ORDERING INFORMATION 


Part Number 

Error (25°C) 

Temperature Range 

Package 

ICL8048BCJE 

H 

0°C to +70°C 

16 Pin CERDIP 

ICL8048CCJE 


0°C to + 70°C 

16 Pin CERDIP 

ICL8049BCJE 

1 

0°C to +70°C 

16 Pin CERDIP 

ICL8049CCJE 


0°C to + 70°C 

16 Pin CERDIP 



(ICL8048) 



Figure 1: Functional Diagram 
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Figure 2: Pin Configurations (Outline Dwg JE) 




HARRIS SEMICONDUCTOR’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


File Number 2865 


NOTE: All typical values have been characterized but are not tested. 


8-110 








ICL8048/ICL8049 


ABSOLUTE MAXIMUM RATINGS (ICL8048) 

Supply Voltage ±18V 

IlN (Input Current) 2mA 

Iref (Reference Current) 2mA 

Voltage between Offset Null and V + ±0.5V 

Power Dissipation 750mW 

NOTE: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


Operating Temperature Range 0°C to 4- 70°C 

Output Short Circuit Duration Indefinite 

Storage Temperature Range — 65°Cto +150°C 

Lead Temperature (Soldering, lOsec) 300°C 


ELECTRICAL CHARACTERISTICS (ICL8048) 

for 1 V/decade unless otherwise specified. 


Vs= ± 1 5 V, Ta = 25°C, Iref = 1 mA, scale factor adjusted 


Parameter 

Test Conditions 

8048BC 

8048CC 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Dynamic Range 

IlN (InA - 1mA) 

V| N (lOmV - 10V) 

R|N = 10kfl 






■ 


Error, % of Full Scale 

Ta = 25°C, l|N = 1nA to 1mA 






1 

% 

Error, % of Full Scale 

T a = 0°C to -F70°C, 
llN=1nAto 1mA 

■ 



■ 


B 

% 

Error, Absolute Value 

Ta = 25°C, l|N = 1nA to 1mA 






60 

mV 

Error, Absolute Value 

T A = 0°Cto +70°C 
llN = 1nA to 1mA 

■ 



■ 


150 

mV 

Temperature Coefficient of Vout 

llN= InA to 1mA 







mV/°C 

Power Supply Rejection Ratio 

Referred to Output 








Offset Voltage (Ai & A 2 ) 

Before Nulling 







mV 

Wideband Noise 

At Output, for Iin = 1 0OjuA 








Output Voltage Swing 

R L =10kn 







V 

R L =2ka 







V 

Power Consumption 









Supply Current 



5 

MfM 




mA 


NOTE: All typical values have been characterized but are not tested. 
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ICL8048/ICL8049 


TYPICAL PERFORMANCE CHARACTERISTICS 


TRANSFER FUNCTION FOR 
VOLTAGE INPUTS 



MAXIMUM ERROR VOLTAGE AT 
THE OUTPUT AS A FUNCTION OF 
INPUT CURRENT 

300 


175 










80 

48 CC ( 

0*C to 

70*0 















80 

48 BC < 

0°C to 

70*0 



8048 CC (25*0 




| | 




8048 BC (25*0 
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INPUT CURRENT (AMPS) 
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TRANSFER FUNCTION FOR 
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031 3-C 

MAXIMUM ERROR VOLTAGE AT 
THE OUTPUT AS A FUNCTION OF 
INPUT VOLTAGE 

200 


175 


'1 






ii 

■ 

EB 

SB33 

IS 






w 

19 

ffl 


■ 
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ii 

IB 

■ 

E 

a 

n 

0 

a 

ii 

IB 

i 

i 

ii 

ii 

i 

i 

ii 

ii 

i 

i 

ii 

ii 


INPUT VOLTAGE 
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SMALL SIGNAL BANDWIDTH AS A 
FUNCTION OF INPUT CURRENT 



JO-” 10-9 jo- 7 10-9 10-3 


INPUT CURRENT (AMPS) 


0313-7 


SMALL SIGNAL VOLTAGE GAIN AS A 
FUNCTION OF INPUT VOLTAGE FOR 
R s =10kn 



ImV lOmV lOOniV IV 10V 
INPUT VOLTAGE 

0313-10 


NOTE: All typical values have been characterized but are not tested. 


8-112 



ICL8048/ICL8049 


ABSOLUTE MAXIMUM RATINGS (ICL8049) 


Supply Voltage ±18V 

Vin (Input Voltage) ±15V 

Iref (Reference Current) 2mA 

Voltage between Offset Null and V + ±0.5V 

Power Dissipation 750mW 


Operating Temperature Range 0°C to + 70°C 

Output Short Circuit Duration Indefinite 

Storage Temperature Range -65°C to + 150°C 

Lead Temperature (Soldering, lOsec) 300°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings’’ may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (ICL8049) Vs= ± 15V, T A = 25°G, lREF =1mA > scale factor adjusted 
for 1 decade (out) per volt (in), unless otherwise specified. 


Parameter 

Test Conditions 

8049BC 

8049CC 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Dynamic Range (Vout) 

VouT=10mV to 10V 







dB 

Error, Absolute Value 

T a =25°C, 0V^V| N ^2V 


3 



5 


HBH 

Error, Absolute Value 

T a = 0°C to +70°C, 
ov<;V| N <;3V 








Temperature Coefficient, Referred to Vin 

V,n = 3V 








Power Supply Rejection Ratio 

Referred to Input, for 

V N = 0V 






■ 


Offset Voltage (A-| & A 2 ) 

Before Nulling 








Wideband Noise 

Referred to Input, for 

V| N = 0V 





26 


fiV(RMS) 

Output Voltage Swing 

R|_=10kn 







V 

R[_ = 2kn 







V 

Power Consumption 









Supply Current 



5 



5 

m 

mA 


TYPICAL PERFORMANCE CHARACTERISTICS 


TRANSFER FUNCTION 
(V 0 UT AS A FUNCTION OF V IN ) 

10 I E E E E 1 1 1 — 
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MAXIMUM ERROR VOLTAGE REFERRED 
TO THE INPUT AS A FUNCTION OF V, N 


'R 

— 

EF * 



1 I 


mA* 


j 

i 1 

0 °- 

r - 


-- 

... 

... 







8049 CC (25X1 

— 





8049 BC I25X) 


0 12 3 4 

INPUT VOLTAGE IV) 
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NOTE: All typical values have been characterized but are not tested. 
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ICL8048/ICL8049 


TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 



SMALL SIGNAL VOLTAGE GAIN AS A 
FUNCTION OF INPUT VOLTAGE 



INPUT VOLTAGE (V) 


0313-13 


0313-14 


ICL8048 DETAILED DESCRIPTION 

The ICL8048 relies for its operation on the well-known 
exponential relationship between the collector current and 
the base-emitter voltage of a transistor: 

lc=ls[ e qVBE/kT-i] (1) 

For base-emitter voltages greater than lOOmV, Eq. (1) 
becomes 

| c =| s eqV BE /kT (2) 

From Eq. (2), it can be shown that for two identical tran- 
sistors operating at different collector currents, the Vbe dif- 
ference (AVbe) is given by: 

AV BE = - 2.303 X— log^fp 1 ] (3) 

q Uc2J 

Referring to Figure 3, it is clear that the potential at the 
collector of Q2 is equal to the AVbe between Qi and Q2. 
The output voltage is AVbe multiplied by the gain of A2: 


V 0 UT= -2.303 ( ^ J ) 10910 [ ] (4) 

kT 

The expression 2.303 x — has a numerical value of 59mV 

q 

at 25°C; thus in order to generate 1 volt/decade at the out- 
put, the ratio (R-| + R2)/R2 is chosen to be 16.9. For this 
scale factor to hold constant as a function of temperature, 
the (Ri + R 2)/R2 term must have a 1/T characteristic to 
compensate for kT/q. 

In the ICL8048 this is achieved by making Ri a thin film 
resistor, deposited on the monolithic chip. It has a nominal 
value of 15.9ka at 25°C, and its temperature coefficient is 
carefully designed to provide the necessary compensation. 


Resistor R2 is external and should be a low T.C. type; it 
should have a nominal value of IkH to provide 1 volt/dec- 
ade, and must have an adjustment range of ±20% to allow 
for production variations in the absolute value of R-j. 

ICL8048 OFFSET AND SCALE FACTOR 
ADJUSTMENT 

A log amp, unlike an op-amp, cannot be offset adjusted 
by simply grounding the input. This is because the log of 
zero approaches minus infinity; reducing the input current to 
zero starves Q-j of collector current and opens the feedback 
loop around A-j. Instead, it is necessary to zero the offset 
voltage of Ai and A2 separately, and then to adjust the 
scale factor. Referring to Figure 3, this is done as follows: 

1) Temporarily connect a lOkfl resistor (Rq) between 
pins 2 and 7. With no input voltage, adjust R4 until 
the output of Ai (pin 7) is zero. Remove Rq. 

Note that for a current input, this adjustment is not 
necessary since the offset voltage of A-j does not 
cause any error for current-source inputs. 

2) Set I|n = Iref = 1 mA - Adjust R5 such that the output 
of A2 (pin 10) is zero. 

3) Set I|n=1jllA, Iref = 1 mA. Adjust R2 for Vout = 3 
volts (for a 1 volt/decade scale factor) or 6 volts (for 
a 2 volt/decade scale factor). 

Step #3 determines the scale factor. Setting I|n = 1 jllA 
optimizes the scale factor adjustment over a fairly wide dy- 
namic range, from 1 mA to 1 nA. Clearly, if the 8048 is to be 
used for inputs which only span the range 100/xA to 1mA, it 
would be better to set I|n = 100/xA in Step #3. Similarly, 
adjustment for other scale factors would require different I|n 
and Vqut values. 


NOTE: All typical values have been characterized but are not tested. 
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ICL8049 DETAILED DESCRIPTION 


For voltage references equation 7 becomes 


The ICL8049 relies on the same logarithmic properties of 
the transistor as the ICL8048. The input voltage forces a 
specific AVbe between Qi and Q2 (Figure 4). This Vbe dif- 
ference is converted into a difference of collector currents 
by the transistor pair. The equation governing the behavior 
of the transistor pair is derived from (2) on the previous 
page and is as follows: 



When numerical values for q/kT are put into this equa- 
tion, it is found that a AVbe of 59mV (at 25°C) is required to 
change the collector current ratio by a factor of ten. But for 
ease of application, it is desirable that a 1 volt change at the 
input generate a tenfold change at the output. The required 
input attenuation is achieved by the network comprising R-| 
and R2. In order that scale factors other than one decade 
per volt may be selected, R2 is external to the chip. It 
should have a value of Ikft, adjustable ±20%, for one dec- 
ade per volt. R-i is a thin film resistor deposited on the 
monolithic chip; its temperature characteristics are chosen 
to compensate the temperature dependence of equation 5, 
as explained on the previous page. 

The overall transfer function is as follows: 


Iqut 

Iref 


= exp 


“R2 ^qViN 


(R! + R 2 ) kT 
Substituting Vout = Iout x Rout gives: 

R 2 


V0UT=R0UTiREF ex P 


(Rl+R 2 ) 


qViN ~ 
kT . 


( 6 ) 

( 7 ) 


V0UT = Vref x 


Rout 

Rref 


exp 


~ r 2 qViN 
(R 1 + R 2 ) kT . 


(8) 


ICL8049 OFFSET AND SCALE FACTOR 
ADJUSTMENT 

As with the log amplifier, the antilog amplifier requires 
three adjustments. The first step is to null out the offset 
voltage of A 2 . This is accomplished by reverse biasing the 
base-emitter of Q 2 . A 2 then operates as a unity gain buffer 
with a grounded input. The second step forces V|n = 0; the 
output is adjusted for Vqut = 10V. This step essentially “an- 
chors” one point on the transfer function. The third step 
applies a specific input and adjusts the output to the correct 
voltage. This sets the scale factor. Referring to Figure 4, the 
exact procedure for 1 decade/volt is as follows: 

1) Connect the input (pin #16) to + 15V. This reverse 
biases the base-emitter of Q 2 . Adjust R7 for 
Vout = 0V - Disconnect the input from + 15V. 

2) Connect the input to Ground. Adjust R 4 for 
VouT = 10V. Disconnect the input from Ground. 

3) Connect the input to a precise 2 V supply and adjust 
R 2 for Vout = 1 0OmV. 

The procedure outlined above optimizes the performance 
over a 3 decade range at the output (i.e., Vqut from 1 0mV 
to 10V). For a more limited range of output voltages, for 
example IV to 10V, it would be better to use a precise 1 volt 
supply and adjust for Vqut = 1V. For other scale factors 
and/or starting points, different values for R 2 and Rref will 
be needed, but the same basic procedure applies. 



NOTE: AH typical values have been characterized but are not tested. 
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APPLICATIONS INFORMATION 
ICL8048 Scale Factor Adjustment 

The scale factor adjustment procedures outlined previ- 
ously for the ICL8048 and ICL8049, are primarily directed 
towards setting up 1 volt (AVout) P er decade (AIin or AVin) 
for the log amp, or one decade (AVout) per volt (AV^) for 
the antilog amp. 

This corresponds to K = 1 in the respective transfer func- 
tions: 


Log Amp: V 0 ut= - K log 10 


•in 

-•ref. 


Antilog Amp: Vqut = Rout Iref 1 


~ V|N 
K 


(9) 


(10) 


By adjusting R 2 (Figure 3 and Figure 4) the scale factor 
“K” in equation 9 and 10 can be varied. The effect of 
changing K is shown graphically in Figure 5 for the log amp, 
and Figure 6 for the antilog amp. The nominal value of R 2 
required to give a specific value of K can be determined 
from equation 11. It should be remembered that R^ has a 
±20% tolerance in absolute value, so that allowance shall 
be made for adjusting the nominal value of R 2 by ±20%. 
941 

R2= o^ii) n (11 > 

ICL8048 Automatic Offset Nulling 
Circuit 

The ICL8048 is fundamentally a logarithmic current amplifi- 
er. It can be made to act as a voltage amplifier by placing a 


resistor between the current input and the voltage source 
but, since Iin = (V|n-Voffset) /r in> this conversion is ac- 
curate only when V|n is much greater than the offset volt- 
age. A substantial reduction of Vqffset would allow volt- 
age operation over a 120 dB range. 

Figure 101 shows the ICL8048 in an automatic offset nulling 
configuration using the ICL7650S. The extremely low offset 
voltage of the ICL7650S forces its non-inverting input (and 
thus pin 2 of the ICL8048) to the same potential as its in- 
verting input by nulling the first stage of the log amp. Since 
Vqffset is now Within a few microvolts of ground potential, 
Rin can perform its voltage to current conversion much 
more accurately, and without an offset trimmer pot. Step 1 
of the offset and scale factor adjustment is eliminated, sim- 
plifying calibration. 

NOTE: The ICL7650S op amp has a maximum supply volt- 
age of ±8 volts. The ICL8048 will operate at this voltage, 
but Iref must be limited to 200 microamps or less for prop- 
er calibration and operation. Best performance will be 
achieved when the ICL7560S has a ±3-8V supply and the 
ICL8048 is at its recommended ± 1 5V supply. See A053 for 
a method of powering the ICL7650S from a ± 1 5V source. 

Frequency Compensation 

Although the op-amps in both the ICL8048 and the 
ICL8049 are compensated for unity gain, some additional 
frequency compensation is required. This is because the log 
transistors in the feedback loop add to the loop gain. In the 
8048, 150pF should be connected between Pins 2 and 7 
(Figure 3). In the 8049, 200pF between Pins 3 and 7 is 
recommended (Figure 4). 


NOTE: All typical values have been characterized but are not tested. 
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EFFECT OF VARYING "K" ON THE ANTILOG AMPLIFIER EFFECT OF VARYING “K” ON THE LOG AMPLIFIER 




33 kA 



Error Analysis 

Performing a meaningful error analysis of a circuit con- 
taining log and antilog amplifiers is more complex than deal- 
ing with a similar circuit involving only op-amps. In this data 
sheet every effort has been made to simplify the analysis 
task, without in any way compromising the validity of the 
resultant numbers. 

The key difference in making error calculations in log/an- 
tilog amps, compared with op-amps, is that the gain of the 
former is a function of the input signal level. Thus, it is nec- 


essary, when referring errors from output to input, or vice 
versa, to check the input voltage level, then determine the 
gain of the circuit by referring to the graphs given in the 
Typical Performance Characteristics section. 

The various error terms in the log amplifier, the ICL8048, 
are Referred To the Output (RTO) of the device. The error 
terms in the antilog amplifier, the ICL8049, are Referred To 
the Input (RTI) of the device. The errors are expressed in 
this way because in the majority of systems a number of log 
amps interface with an antilog amp, as shown in Figure 8. 
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ICL8048/ICL8049 



It is very straightforward to estimate the system error at 
node (A) by taking the square root of the sum-of-the 
squares of the errors of each contributing block. 

Total Error = Vx 2 + y 2 + z 2 at (A) 

If required, this error can be referred to the system output 
through the voltage gain of the antilog circuit, using the volt- 
age gain versus input voltage plot. 

The numerical values of x, y, and z in the above equation 
are obtained from the maximum error voltage plots. For ex- 
ample, with the ICL8048BC, the maximum error at the out- 
put is 30mV at 25°C. This means that the measured output 
will be within 30mV of the theoretical transfer function, pro- 
vided the unit has been adjusted per the procedures de- 
scribed previously. Figure 9 illustrates this point. 

To determine the maximum error over the operating tem- 
perature range, the 0 to 70°C absolute error values given in 
the table of electrical characteristics should be used. For 
intermediate temperatures, assume a linear increase in the 
error between the 25°C value and the 70°C value. 

For the antilog amplifier, the only difference is that the 
error refers to the input, i.e., the horizontal axis. It will be 
noticed that the maximum error voltage of the ICL8049, 
over the temperature range, is strongly dependent on the 
input voltage. This is because the output amplifier, A 2 , has 
an offset voltage drift which is directly transmitted to the 
output. When this error is referred to the input, it must be 
divided by the voltage gain, which is input voltage depen- 
dent. At V|n= 3V, for example, errors at the output are mul- 
tiplied by 1/.023 (=43.5) when referred to the input. 


TRANSFER FUNCTION FOR CURRENT INPUTS 



It is important to note that both the ICL8048 and the 
ICL8049 require positive values of Iref. and the input 
(ICL8048) or output (ICL8049) currents (or voltages) re- 
spectively must also be positive. Application of negative Iin 
to the ICL8048 or negative Iref to either circuit will cause 
malfunction, and if maintained for long periods, would lead 
to device degradation. Some protection can be provided by 
placing a diode between pin 7 and ground. 

SETTING UP THE REFERENCE 
CURRENT 

In both the ICL8048 and the ICL8049 the input current 
reference pin (Iref) is not a true virtual ground. For the 
ICL8048, a fraction of the output voltage is seen on Pin 1 6 
(Figure 3). This does not constitute an appreciable error 
provided Vref is much greater than this voltage. A 10V or 
15V reference satisfies this condition. For the ICL8049, a 
fraction of the input voltage appears on Pin 3 (Figure 4), 
placing a similar restraint on the value of Vref- 

Alternatively, Iref can be provided from a true current 
source. One method of implementing such a current source 
is shown in Figure 10. 

LOG OF RATIO CIRCUIT, DIVISION 

The 8048 may be used to generate the log of a ratio by 
modulating the Iref input. The transfer function remains the 
same, as defined by equation 9: 

V 0U T = — Klogio [i|~] O) 

Clearly it is possible to perform division using just one 
ICL8048, followed by an ICL8049. For multiplication, it is 
generally necessary to use two log amps, summing their 
outputs into an antilog amp. 

To avoid the problems caused by the Iref input not being 
a true virtual ground (discussed in the previous section), the 
circuit of Figure 10 is again recommended if the Iref input 
is to be modulated. 


♦ 15V *15V 



0313-21 

Figure 10 


NOTE: All typical values have been characterized but are not tested. 
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DEFINITION OF TERMS 

In the definitions which follow, it will be noted that the 
various error terms are referred to the output of the log 
amp, and to the input of the antilog amp. The reason for this 
is explained on the previous page. 

DYNAMIC RANGE The dynamic range of the ICL8048 
refers to the range of input voltages or currents over which 
the device is guaranteed to operate. For the ICL8049 the 
dynamic range refers to the range of output voltage over 
which the device is guaranteed to operate. 

ERROR, ABSOLUTE VALUE The absolute error is a 
measure of the deviation from the theoretical transfer func- 
tion, after performing the offset and scale factor adjust- 
ments as outlined, (ICL8048) or (ICL8049). It is expressed in 
mV and referred to the linear axis of the transfer function 
plot. Thus, in the case of the ICL8048, it is a measure of the 
deviation from the theoretical output voltage for a given in- 
put current or voltage. For the ICL8049 it is a measure of 
the deviation from the theoretical input voltage required to 
generate a specific output voltage. 

The absolute error specification is guaranteed over the 
dynamic range. 

ERROR, % OF FULL SG4LEThe error as a percentage 
of full scale can be obtained from the following relationship: 


TEMPERA TURE COEFFICIENT OF V out OR V /N For the 
ICL8048 the temperature coefficient refers to the drift with 
temperature of Vqut for a constant input current. 

For the ICL8049 it is the temperature drift of the input 
voltage required to hold a constant value of Vqut- 

POWER SUPPLY REJECTION RATIO The ratio of the 
voltage change in the linear axis of the transfer function 
(Vout for the ICL8048, Vin for the ICL8049) to the change 
in the supply voltage, assuming that the log axis is held 
constant. 

WIDEBAND NOISE For the ICL8048, this is the noise oc- 
curring at the output under the specified conditions. In the 
case of the ICL8049, the noise is referred to the input. 

SCALE FACTOR For the log amp, the scale factor (K) is 
the voltage change at the output for a decade (i. e. 10:1) 
change at the input. For the antilog amp, the scale factor is 
the voltage change required at the input to cause a one 
decade change at the output. See equations 9 and 10. 

APPLICATION NOTES 

For further applications assistance, see 
A007 “The ICL8048/8049 Monolithic Log-Antilog Amplifi- 
ers” 


Error, % of Full Scale = 


1 00 x Error, absolute value 
Full Scale Output Voltage 



NOTE: All typical values have been characterized but are not tested. 
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ANALOG CIRCUITS 



SEMICONDUCTOR 


ICM7242 

Long-Range 
Fixed Timer 



GENERAL DESCRIPTION 

The ICM7242 is a CMOS timer/ counter circuit consisting 
of an RC oscillator followed by an 8-bit binary counter. It will 
replace the 2242 in most applications, with a significant re- 
duction in the number of external components. 

Three outputs are provided. They are the oscillator out- 
put, and buffered outputs from the first and eighth counters. 


ORDERING INFORMATION 


Part Number 

Temperature Range 

Package 

ICM7242IPA 

— 25°C to + 85°C 

8 pin MINI-DIP 

ICM7242CBA 

0°C to -f 70°C 

8 pin S.O.I.C. 


FEATURES 

• Replaces The 2242 in Most Applications 

• Timing From Microseconds to Days 

• Cascadeable 

• Monostable or Astable Operation 

• Wide Supply Voltage Range: 2-16 volts 

• Low Supply Current: 115p,A @ 5 volts 


v ddC i 

+ 2 OUTPUT C 2 
+• 128/256 OUTPUT C 3 
v ssC 


8 Dtbi/o 
7 D RC 
6 3 TRIGGER 
5 3 RESET 


Figure 1: Pin Configuration 
(Outline Drawing PA) 



HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 

File Number 2866 


NOTE: All typical values have been characterized but are not tested. 
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ICM7242 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vdd to Vss) 18V 

Input Voltage H ^ 

Terminals (Pins 5, 6,7,8) ... (V S s -0.3V) to (V DD + 0.3V) 

Maximum continuous output current 

(each output) 50mA 

Power Dissipation 200m W 

Operating Temperature Range 

ICM7242I — 25°C to +85°C 

ICM7242C 0°C to + 70°C 

Storage Temperature Range -65°Cto +150°C 

Lead Temperature (Soldering, lOsec) 300°C 

NOTES: 1. Due to the SCR structure inherent in the CMOS process, connecting any terminal to voltages greater than Vqd or less than Vss may cause destructive 
device latchup. For this reason, it is recommended that no inputs from external sources not operating on the same supply be applied to the device 
before its supply is established and, that in multiple supply systems, the supply to the ICM7242 be turned on first. 

2. Derate at -2mW/°C above 25°C. 


ELECTRICAL CHARACTERISTICS 

<Vdd=5V, Ta= +25°C, R = 10kn,C = 0.VF, Vss = 0V unless otherwise specified.) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

VdD 

Guaranteed Supply Voltage 


2 


16 

V 

•dd 

Supply Current 

Reset 


125 


ju,A 



Operating, R = 1 0kft, C = 0.1 juF 


340 

800 

fxA 



Operating, R = 1Mfl, C = 0.1/xF 


220 

600 

p,A 



TB Inhibited, RC Connected to Vgs 


225 


}JL A 


Timing Accuracy 



5 


% 

Af/AT 

RC Oscillator Frequency 
Temperature Drift 

Independent of RC Components 


250 


ppm/°C 

v OTB 

Time Base Output Voltage 

•source =100/xA 


3.5 


V 



•sink = 1 -OmA 


0.40 


V 

•tblk 

Time Base Output 

Leakage Current 

RC = Ground 



25 

jllA 

V TRIG 

Trigger Input Voltage 

> 

in 

II 

o 

Q 

> 


1.6 

2.0 

V 



V DD = 15V 


3.5 

4.5 

V 

Vrst 

Reset Input Voltage 

V DD = 5V 


1.3 

2.0 

V 



V D D = 15V 


2.7 

4.0 

V 

•trig. 

Trigger/Reset Input Current 



10 


fxA 

•rst 







ft 

Max Count Toggle Rate 

V D d = 2V 


1 


MHz 



Vdd = 5 V ( Counter/Divider Mode 

2 

6 


MHz 



V dd =15V J 

50% Duty Cycle Input with Peak to 

Peak Voltages Equal to V DD and vss 


13 


MHz 

VsAT 

Output Saturation Voltage 

All Outputs except TB Output 

Vdd = 5V, louT = 3-2mA 


0.22 

0.4 

V 

•source 

Output Sourcing 

V DD — 5V 


300 


fxA 


Current 7242 

Terminals 2 & 3, Vqut- 1 V 





c t 

MIN Timing Capacitor (Note 1) 


10 



pF 

Rt 

Timing Resistor Range (Note 1) 

> 

CD 

T 

CM 

II 

O 

o 

> 

IK 


22M 

a 


NOTE: 1 . For Design only, not tested. 


NOTE: Stresses above those fisted under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


NOTE: All typical values have been characterized but are not tested. 
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ICM7242 


21 (RC 2) OUTPUT 
28 (RC 256) OUTPUT 


> TIMEBASE INPUT/OUTPUT 


JL JL 


► TIMEBASE PERIOD = I.ORC; 
1 SEC. = 1M0 x ^^ l F 


NOTE: OUTPUTS - 21 AND - 28 ARE INVERTERS AND HAVE ACTIVE PULLUPS. 

Figure 3: Test Circuit 


TYPICAL PERFORMANCE CHARACTERISTICS 

SUPPLY CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 



: i j j 



t a 

“ -20 

<= 

/ 



^ / 


✓ 



\Z. 






T" 

25° C 

==- 




T— 

75° C 



















1ESET 

MOD 

E 


_ 

_ 




4 6 8 10 12 14 16 

SUPPLY VOLTAGE (V) 


RECOMMENDED RANGE OF TIMING COMPONENT 
VALUES FOR ACCURATE TIMING 

100M ( i I i 1 i I I | 



100 1 I I — 

lOOpF .001 .01 


T A =+25°C, 

J L_L I 

10 100 1000 10.000 


TIMING CAPACITOR, C (mF) 


DIMENSIONS IN INCHES AND MILLIMETERS 


TIMEBASE FREE RUNNING FREQUENCY 
AS A FUNCTION OF R AND C 

10,000m F 



10 100 IK 10K 100K 1M 10M 

TIME BASE FREQUENCY (Hz) 

0360-6 


MINIMUM TRIGGER PULSE WIDTH AS A 
FUNCTION OF TRIGGER AMPLITUDE 


■ill 

!■! 

lift! 

111 

si: 


23456789 10 
TRIGGER AMPLITUDE (VOLTS) 


NOTE: All typical values have been characterized but are not tested. 






ICM7242 


TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


MINIMUM RESET PULSE WIDTH AS A 
FUNCTION OF RESET AMPLITUDE 



NORMALIZED FREQUENCY STABILITY IN THE ASTABLE 
MODE AS A FUNCTION OF SUPPLY VOLTAGE 



RESET AMPLITUDE (VOLTS) 


0360-8 


NORMALIZED FREQUENCY STABILITY IN THE ASTABLE 



-25 0 +25 +50 +75 


TEMPERATURE ( # C) 

0360-10 


DISCHARGE OUTPUT CURRENT AS A 
FUNCTION OF DISCHARGE OUTPUT VOLTAGE 



DISCHARGE SATURATION VOLTAGE (V) 

0360-12 


MAXIMUM DIVIDER FREQUENCY vs. SUPPLY VOLTAGE 



0 2 4 6 8 10 12 14 16 18 20 

SUPPLY VOLTAGE (V) 

0360-11 


OUTPUT SATURATION CURRENT AS A 
FUNCTION OF OUTPUT SATURATION VOLTAGE 



OUTPUT SATURATION VOLTAGE (V) 

0360-13 



NOTE: All typical values have been characterized but are not tested. 
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ICM7242 


OPERATING CONSIDERATIONS 

Shorting the RC terminal or output terminals to Vqd may 
exceed dissipation ratings and/or maximum DC current lim- 
its (especially at high supply voltages). 

There is a limitation of 50pF maximum loading on the TB 
I/O terminal if the timebase is being used to drive the coun- 
ter section. If higher value loading is used, the counter sec- 
tions may miscount. 

For greatest accuracy, use timing component values 
shown in the graph under typical performance characteris- 
tics. For highest frequency operation it will be desirable to 
use very low values for the capacitor; accuracy will de- 
crease for oscillator frequencies in excess of 200KHz. 

The timing capacitor should be connected between the 
RC pin and the positive supply rail, Vqd. as shown in Figure 
3. When system power is turned off, any charge remaining 
on the capacitor will be discharged to ground through a 
large internal diode between the RC node and Vss- Do NOT 
reference the timing capacitor to ground, since there is no 
high-current path in this direction to safely discharge the 
capacitor when power is turned off. The discharge current 
from such a configuration could potentially damage the de- 
vice. 

When driving the counter section from an external clock, 
the optimum drive waveform is a square wave with an am- 
plitude equal to supply voltage. If the clock is a very slow 
ramp triangular, sine wave, etc., it will be necessary to 
“square up” the waveform; this can be done by using two 
CMOS inverters in series, operating from the same supply 
voltage as the ICM7242. 

The ICM7242 is a non-programmable timer whose princi- 
pal applications will be very low frequency oscillators and 
long range timers; it makes a much better low frequency 
oscillator/timer than a 555 or ICM7555, because of the on- 
chip 8-bit counter. Also, devices can be cascaded to pro- 
duce extremely low frequency signals. 

Because outputs will not be AND’d, output inverters are 
used instead of open drain N-channel transistors, and the 
external resistors used for the 2242 will not be required for 
the ICM7242. The ICM7242 will, however, plug into a socket 
for the 2242 having these resistors. 

The timing diagram for the ICM7242 is shown in Figure 4. 
Assuming that the device is in the RESET mode, which oc- 
curs on powerup or after a positive signal on the RESET 
terminal (if TRIGGER is low), a positive edge on the trigger 
input signal will initiate normal operation. The discharge 


fl — TRIGGER INPUT 

— 1 (TERMINAL 6) 

i i i i i i u i u i - — S"" 

TjT,ruT-n-n_r — » + 2 OUTPUT (TERMINAL 2) 

+ 128/256 OUTPUT 
(TERMINAL 3) (ASTABLE 
OR “FREE RUN” MODE) 

- 128/256 OUTPUT 
(TERMINAL 3) (MONOSTABLE 
OR “ONE SHOT" MODE) 

0360-14 

Figure 4: Timing Diagrams of 
Output Waveforms for the ICM7242. 
(Compare with Figure 8) 



transistor turns on, discharging the timing capacitor C, and 
all the flip-flops in the counter chain change states. Thus, 
the outputs on terminals 2 and 3 change from high to low 
states. After 128 negative timebase edges, the -^2 8 output 
returns to the high state. 

To use the 8-bit counter without the timebase, terminal 7 
(RC) should be connected to ground and the outputs taken 
from terminals 2 and 3. 


C3 

r »in/2 

1 ^ 8 


OUTPUTS 1 * ~ j: 

U ljn/256 h 

3 7242 6 

4 5 




0360-15 

Figure 5: Using the ICM7242 as a 

Ripple Counter (Divider) 


The ICM7242 may be used for a very low frequency 
square wave reference. For this application the timing com- 
ponents are more convenient than those that would be re- 
quired by a 555 timer. For very low frequencies, devices 
may be cascaded (see Figure 6). 



For monostable operation the -^-2 8 output is connected 
to the RESET terminal. A positive edge on TRIGGER initi- 
ates the cycle (NOTE: TRIGGER overrides RESET). 

The ICM7242 is superior in all respects to the 2242 ex- 
cept for initial accuracy and oscillator stability. This is pri- 
marily due to the fact that high value p~ resistors have been 
used on the ICM7242 to provide the comparator timing 
points. 



TRIGGER f l TERMINAL 6 

TB OUTPUT TERMINAL 8 

OUTPUT | |— ~t TERMINAL 3 


0360-17 

Figure 7: Monostable Operation 


NOTE: All typical values have been characterized but are not tested. 
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ICM7242 


COMPARING THE ICM7242 WITH THE 
2242 




ICM7242 

2242 

a. 

Operating Voltage 

2- 16V 

4- 15V 

b. 

Operating Temp. — < 

25°C to +85°C 

0°C to +70°C 


Range 



c. 

Supply Current 




V DD = 5V 

0.7mA Max. 

7mA Max. 

d. 

Pullup Resistors 




TB Output 

No 

Yes 


-5- 2 Output 

No 

Yes 


256 Output 

No 

Yes 

e. 

Toggle Rate 

3.0MHz 

0.5MHz 

f. 

Resistor to Inhibit 




Oscillator 

No 

Yes 

g- 

Resistor in Series 




with Reset for 




Monostable Operation 

No 

Yes 

h. 

Capacitor TB 




Terminal for 




HF Operation 

No 

Sometimes 

SEQUENCE TIMING 


° Process Control 




O Machine Automation 



By selection of R and C, a wide variety of sequence tim- 
ing can be realized. A typical flow chart for a machine tool 
controller could be as follows: 


* TRIGGERING CAN BE 
OBTAINED FROM A I 
PREVIOUS STAGE. A 
LIMIT SWITCH, OPER- 
ATOR SWITCH, ETC. 1 


j , i , i,i 

WAIT ENABLE WAIT 
5 SEC. 10 SEC. 5 SEC. 


Figure 8 | 

By cascading devices, use of low cost CMOS AND/OR 
gates and appropriate RC delays between stages, numer- 
ous sequential control variations can be obtained. Typical 
applications include injection molding machine controllers, 
phonograph record production machines, automatic se- 
quencers (no metal contacts or moving parts), milling ma- 
chine controllers, process timers, automatic lubrication sys- 
tems, etc. 


°Electro — Pneumatic Drivers 
° Multi— Operation (Serial or Parallel Controlling) 


5 .CM 3 
7242 

® 5 

—ft} 

33KO0k? 

* ICM 3 
7242 

® 5 

33K <1<*« 

-4 1 

n <c« 3 

► 7242 

I © 5 

“flj 

33K 

— • 1 

F 6 ICM 3 
► 7242 

| © 5 

—i 

*33K 

100pF^ J 

100pFi J 

L 1°0pF^= J 

L lOOpFi 


PUSH Si TO START SEQUENCE: 

4 j- MUST BE SHORTER THAN “ON tlm«A" 


O SELECT RC VALUES TO 
DESIRED “ON tlmo” 

“ FOR EACH ICM7242 



IN ON — 


Figure 9: Sequence Tinner 


NOTE: All typical values have been characterized but are not tested. 
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ICM7555/ICM7556 

General Purpose Timer 


GENERAL DESCRIPTION 

The ICM7555/6 are CMOS RC timers providing signifi- 
cantly improved performance over the standard 
SE/NE555/6 and 355 timers, while at the same time being 
direct replacements for those devices in most applications. 
Improved parameters include low supply current, wide oper- 
atin g supply voltage range, low THRESHOLD, TRIGGER 
and RESET currents, no crowbarring of the supply current 
during output transitions, higher frequency performance and 
no requirement to decouple CONTROL VOLTAGE for sta- 
ble operation. 

Specifically, the ICM7555/6 are stable controllers capa- 
ble of producing accurate time delays or frequencies. The 
ICM7556 is a dual ICM7555, with the two timers operating 
independently of each other, sharing only V+ and GND. In 
the one shot mode, the pulse width of each circuit is pre- 
cisely controlled by one external resistor and capacitor. For 
astable operation as an oscillator, the free running frequen- 
cy and the duty cycle are both accurately controlled by two 
external resistors and one capacitor. Unlike the regular bi- 
polar 555/6 devices, the CONTROL VOLTAGE terminal 
need not be decoupled with a capacitor. The circuits are 
triggered and reset on falling (negative) waveforms, and the 
output inverter can source or sink currents large enough to 
drive TTL loads, or provide minimal offsets to drive CMOS 
loads. 


ORDERING INFORMATION 


Part 

Number 

Temperature 

Range 

Package 

ICM7555CBA 

ICM7555IPA 

ICM7555ITV 

ICM7555MTV* 

ICM7556IPD 

ICM7556MJD* 

0°C to +70°C 
— 25°C to +85°C 
— 25°C to +85°C 
— 55°C to + 1 25°C 
— 25°C to + 85°C 

— 55°Cto +125°C 

8 Lead SOIC 

8 Lead MiniDip 
TO-99 Can 

TO-99 Can 

14 Lead Plastic DIP 
14 Lead CERDIP 


•Add /883B to part number if 883B processing is desired. 


FEATURES 

• Exact Equivalent in Most Cases for SE/NE555/556 or 
TLC555/556 

• Low Supply Current — 60 |ll A Typ. (ICM7555) 

120/xA Typ. (ICM7556) 

• Extremely Low Trigger, Threshold and Reset 
Currents — 20pA Typical 

• High Speed Operation — 1MHz Typical 

• Wide Operation Supply Voltage Range Guaranteed 2 
to 18 Volts 

• Normal Reset Function - No Crowbarring of Supply 
During Output Transition 

• Can Be Used With Higher Impedance Timing 
Elements Than Regular 555/6 for Longer RC Time 
Constants 

• Timing From Microseconds Through Hours 

• Operates in Both Astable and Monostable Modes 

• Adjustable Duty Cycle 

• High Output Source/Sink Driver Can Drive TTL/ 
CMOS 

• Typical Temperature Stability of 0.005% Per °C at 
25°C 

• Outputs Have Very Low Offsets, HI and LO 

APPLICATIONS 

• Precision Timing 

• Pulse Generation 

• Sequential Timing 

• Time Delay Generation 

• Pulse Width Modulation 

• Pulse Position Modulation 

• Missing Pulse Detector 


M 

*< 

i 

> 4 PUP-PLOP 

► O RESET 

OUTPUT 

THRESHOLD 4 


isJ* Y 

DRIVERS 

SO' 

CONTROL 

VOLTAOE 

1 

H 

> 

P^X 

- -^0—0 OUTPUT 

7 « DISCHARGE 

HL 

TRIGGER 

t 


\ 

R * 

£ COMPARATOR 

> » 


i. 

GNO 

0363-1 

This Functional Diagram reduces the circuitry down to its simplest equivalent components. Tie down unused inputs. R = 1 0Okft, ± 20% typ. 

Figure 1: Functional Diagram 


HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 


WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 


File Number 2867 


NOTE: All typical values have been characterized but are not tested. 
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ICM7 555/ICM7 556 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltag e +18 Volts 

Input Voltage: Trigger, 

Contro l Voltage, Threshold, V+ +0.3V to GND -0.3V 

Resets 

Output Current 100mA 

Power Dissipation ICM7556 300mW 

ICM7555 200mW 

Storage Temperature -65°C to + 1 50°C 

Lead Temperature (Soldering, lOsec) +300°C 

Operating Temperature Range! 2 ! 

ICM7555/6 CX 0°C to + 70°C 

ICM7555/6 IX -25°Cto +85°C 

ICM7555/6 MX -55°C to + 125°C 


NOTE: Stresses above those listed under “Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri- 
ods may affect device reliability. 


V T AND CASE 

) DISCHARGE 

X iru 

TRIGGER (2) i THRESHOLD 

OUTPUT 

RESET 

(OUTLINE DRAWING TV) 



QHP [7 
TRIGGER [7 
O UTPUT [7 
RESET [T 



y] v 

DISCHARGE 

E THRESHOLD 
CONTROL 
VOLTAGE 


(OUTLINE DRAWING PA) 


DISCHARGE fTj g 
THRESHOLD (Tl 


OUTPUT U 
TRIGGER (T 
GND [7 


B V 

DISCHARGE 
THRESHOLD 
CONTROL 

B VOLTA GE 
RESET 
OUTPUT 
TRIGGER 


(OUTLINE DRAWING JD, PD) 


gnd| | 

1 

8 

ICM7555 

triggerI 1 

2 

7 

OUTPUTrr 

3 

6 

RESET |~T~ 

4 

5 


8~nv+ 

7 "TIdischarge 
□□threshold 

I ICONTROL 
— I — ‘VOLTAGE 


(OUTLINE DRAWING BA) 


Figure 2: Pin Configuration 
(Top View) 



NOTES 1: Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to a voltage greater than V+ +0.3V 
or less than V~ -0.3V may cause destructive latchup. For this reason it is recommended that no inputs from external sources not operating from the 
same power supply be applied to the device before its power-supply is established. In multiple systems, the supply of the ICM7555/6 must be turned on 
first. 

2: Junction temperatures should not exceed 135°C and the power dissipation must be limited to 20 mW at 125°C. Below 125°C power dissipation may be 
increased to 300 mW at 25°C. Derating factor is approximately 3 mW/°C (7556) or 2 mW/°C (7555). 


NOTE: All typical values have been characterized but are not tested. 
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ICM7555 

ELECTRICAL CHARACTERISTICS 



Parameter 

Test Conditions 

ICM7555C,I,M 

ICM7555M 

Units 

T A = 25°C 




U23 





Static Supply 

V DD =5V 

■ 

El 

200 



300 

« 

■ 

Current 

V DD =15V 

■ 


300 



300 

H1LH 

3m 

Monostable Timing 

R A = 1 0k, C = 0. 1 jllF, V dd = 5V 

■ 

□ 





n 


Accuracy 


■ 

■ 


858 


1161 


■ 

Drift with Temp* 

> 

in 

II 

Q 

Q 

> 

■ 

■ 



150 


ppm/°C 



V DD = 10V 


■ 


■ 

200 


ppm/°C 

HUH 


v DD = 15V 

■ 

■ 


ii 

250 


ppm/°C 


Drift with Supply* 

V D d = 5 to 15V 





0.5 


%/V 


Astable Timing Accuracy 

RA = RB = 1 0k, C = 0.1 jutF, V D d = 5V 

■ 

□ 





% 





■ 


1717 


2323 

JJLS 


Drift with Temp* 

> 

in 

II 

o 

o 

> 

■ 

■ 



150 


ppm/°C 



Vdd = iov 

■ 

■ 



200 


ppm/°C 



v DD = 15V 

■ 

■ 



250 


ppm/°C 


Drift with Supply* 

Vdd = 5V to 15V 


Eg 



0.5 


%/V 

V TH 

Threshold Voltage 

v DD = 15V 


m 

71 

61 


72 

% Vdd 

Vtrig 

Trigger Voltage 

v DD = 15V 

m 


36 

27 


37 

% V DD 

•trig 

Trigger Current 

v dd = 15V 



10 



50 

nA 

■th 

Threshold Current 

V DD = 15V 






50 

nA 

Vc V 

Control Voltage 

V DD = 15V 

13 

m 


61 


72 

% Vdd 

V RST 

Reset Voltage 

V DD = 2to15V 

Eg 



0.2 


1.2 

V 

•rst 

Reset Current 

V DD = 15V 






50 

nA 

•dis 

Discharge Leakage 

V DD = 15V 



m 



50 

nA 

VoL 

Output Voltage 

Vdd= 1 5V, l s jnk = 20mA 

31 

0.4 

1.0 



1.25 

n 


Drop 

Vdd = 5V, l s ink = 3.2mA 


0.2 

0.4 



0.5 

■9 

v OH 

Output Voltage 

Vdd = 1 5V, Isource = 0.8mA 

14.3 

14.6 


14.2 



n 


Drop 

Vdd~5V, Isource ~ 0.8mA 

4.0 

4.3 


3.8 



■ 

Vdis 

Discharge Output 

Vdd = 5V, lsiNK = 15mA 


0.2 

0.4 



0.6 

ca 


Voltage Drop 

Vdd == 15V, lsink=15mA 






0.4 

MM 

v+ 

Supply Voltage* 

Functional Oper. 

31 


Hfl 

3.0 


16.0 

V 

*R 

Output Rise Time* 

RL= 10M, CL= lOpF, V D d = 5V 


75 






tF 

Output Fall Time* 

RL= 10M, CL= lOpF, Vdd” 5V 


m 





■ ■ 

BH 

Oscillator Frequency* 

V D d = 5V, RA = 470a, 

■ 

■ 

1 





HUE 


RB = 270a C= 200pF 

■ 

H 

■ 




Hi 


•These parameters are based upon characterization data and are not tested. 


NOTE: All typical values have been characterized but are not tested. 
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ICM7555/ICM7556 


ICM7556 

ELECTRICAL CHARACTERISTICS t a = 25°C, unless otherwise specified. 






ICM7556M 


Symbol 

Parameter 

Test Conditions 

T A = 25°C 

-55°C<:Ta^ + 125 0 C 

Units 





PS 


Min 

Typ 

Max 


1 + 

Static Supply 

> 

m 

II 

Q 

Q 

> 


80 

400 



600 

fxA 


Current 

VdD = 15V 


120 

600 



600 

jllA 


Monostable Timing 

RA= 10k, C = 0.1 /u,F, V dd = 5V 


2 





% 


Accuracy 





858 


1161 

jxs 


Drift with Temp* 

< 

a 

o 

II 

cn 

< 





150 


ppm/°C 



V DD =10V 





200 


ppm/°C 



V DD =15V 





250 


ppm/°C 


Drift with Supply* 

V dd = 5V to 15V 


0.5 



0.5 




Astable Timing 

RA = RB = 10k, C = 0.1 juF, V DD = 5V 


2 





R 


Accuracy 





1717 


2323 



Drift with Temp* 

> 

in 

II 

a 

a 

> 





150 


ppm/°C 



Vdd = "10V 





200 


ppm/°C 



V DD =15V 





250 


ppm/°C 


Drift with Supply* 

V dd = 5V to 15V 


0.5 



0.5 



V TH 

Threshold Voltage 

V DD =15V 

62 

67 

71 

61 


72 

■1 

Vtrig 

Trigger Voltage 

V DD =15V 

28 

32 

36 

27 


37 

EPS 

Itrig 

Trigger Current 

V DD =15V 



10 



50 

mom 

Ith 

Threshold Current 

V D d=15V 



10 



50 

id 

Vcv 

Control Voltage 

V D d=15V 

62 

67 

71 

61 


72 

Ed 

VRST 

Reset Voltage 

V dd = 2V to 15V 

0.4 


1.0 

0.2 


1.2 

V 

Irst 

Reset Current 

V DD =15V 



10 



50 


!dis 

Discharge Leakage 

V dd =15V 



10 



50 

E^QjEEl 

VoL 

Output Voltage 

V D d= 15V, l sink =20mA 


0.4 

1.0 



1.25 

n 


Drop 

Vdd = 5V, l S j nk = 3.2mA 


0.2 

0.4 



0.5 

mm 

VoH 

Output Voltage 

Vdd = 1 5V, Isource = 0.8mA 

14.3 

14.6 


14.2 



|2| 


Drop 

Vdd = 5V, Isourc0 = 0.8mA 

4.0 

4.3 


3.8 



MM 

Vdis 

Discharge Output 

Vdd = 5V, l S j nk = 1 5mA 


0.2 

0.4 



0.6 

n 


Voltage Drop 

V D D=15V, l sink =15mA 






0.4 

■9 

v+ 

Supply Voltage* 

Functional Oper. 

2.0 


18.0 

3.0 


16.0 

V 

*R 

Output Rise Time* 

RL= 1 0M, CL = 1 0pF, V DD = 5V 








t F 

Output Fall Time* 

RL= 10M, CL= 10pF, V DD = 5V 









Oscillator Frequency* 

V DD = 5V, RA = 470ft, 

RB = 270ft,C = 200pF 

■ 


■ 

■ 

■ 




’These parameters are based upon characterization data and are not tested. 



NOTE: All typical values have been characterized but are not tested. 
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ICM7555/ICM7556 


TYPICAL PERFORMANCE 


MINIMUM PULSE WIDTH REQUIRED 
FOR TRIGGERING 



0 10 20 30 40 

LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (%V ) 


0363-4 


OUTPUT SINK CURRENT AS A 
FUNCTION OF OUTPUT VOLTAGE 



OUTPUT LOW VOLTAGE Voi 


0363-7 


NORMALIZED FREQUENCY 
STABILITY IN THE ASTABLE MODE 
AS A FUNCTION OF SUPPLY 
VOLTAGE 



0.1 1.0 10.0 100.0 
SUPPLY VOLTAGE (VOLTS) 


0363-10 


CHARACTERISTICS 


SUPPLY CURRENT AS A FUNCTION 
OF SUPPLY VOLTAGE 



— 

— - 

— ? 

-I 

— 

— 

— ^ 


20' C 


_ - 

- x 

2 : 





✓ 

i 

2S'C 

/-• 

\z: 

- = = 


■ 20* C 

t: 

— 

— 

— 

— 


0 2 4 • I 10 12 14 14 It 20 

SUPPLY VOLTAGE (VOLTS) 


0363-5 


OUTPUT SOURCE CURRENT AS A 
FUNCTION OF OUTPUT VOLTAGE 

OUTPUT VOLTAGE REFERENCED TO V 



0363-6 


OUTPUT SINK CURRENT AS A OUTPUT SINK CURRENT AS A 

FUNCTION OF OUTPUT VOLTAGE FUNCTION OF OUTPUT VOLTAGE 



DISCHARGE OUTPUT CURRENT AS A PROPAGATION DELAY AS A 

FUNCTION OF DISCHARGE OUTPUT FUNCTION OF VOLTAGE LEVEL OF 

VOLTAGE TRIGGER PULSE 
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NOTE: All typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


NORMALIZED FREQUENCY 
STABILITY IN THE ASTABLE MODE 
AS A FUNCTION OF TEMPERATURE 



TEMPERATURE “C 


0363-13 


FREE RUNNING FREQUENCY AS A 
FUNCTION OF R A , R 0 and C 



TIME DELAY IN THE MONOSTABLE 
MODE AS A FUNCTION OF R A AND C 



0363-15 


APPLICATION NOTES 

GENERAL 

The ICM7555/6 devices are, in most instances, direct re- 
placements for the NE/SE 555/6 devices. However, it is 
possible to effect economies in the external component 
count using the ICM7555/6. Because the bipolar 555/6 de- 
vices produce large crowbar currents in the output driver, it 
is necessary to decouple the power supply lines with a good 
capacitor close to the device. The 7555/6 devices produce 
no such transients. See Figure 3. 



The ICM7555/6 produces supply current spikes of only 
2 - 3mA instead of 300 - 400mA and supply decoupling is 
normally not necessary. Secondly, in most instances, the 
CONTROL VOLTAGE decoupling capacitors are not re- 
quired since the input impedance of the CMOS comparators 
on chip are very high. Thus, for many applications 2 capaci- 
tors can be saved using an ICM7555, and 3 capacitors with 
an ICM7556. 


POWER SUPPLY CONSIDERATIONS 

Although the supply current consumed by the ICM7555/6 
devices is very low, the total system supply can be high 
unless the timing components are high impedance. There- 
fore, use high values for R and low values for C in Figures 4 
and 5. 

OUTPUT DRIVE CAPABILITY 

The output driver consists of a CMOS inverter capable of 
driving most logic families including CMOS and TTL. As 
such, if driving CMOS, the output swing at all supply volt- 
ages will equal the supply voltage. At a supply voltage of 4.5 
volts or more the ICM7555/6 will drive at least 2 standard 
TTL loads. 

ASTABLE OPERATION 

The circuit can be connected to trigger itself and free run 
as a multivibrator, see Figure 4. The output swings from rail 
to rail, and is a true 50% duty cycle square wave. (Trip 
points and output swings are symmetrical). Less than a 1 % 
frequency variation is observed, over a voltage range of + 5 
to + 15V. 


The timer can also be connected as shown in Figure 4b. In 
this circuit, the frequency is: 

f = 1.44 /(R a + 2R b )C 

The duty cycle is controlled by the values of R A and R B , by 
the equation: 

D = R B /(R A + 2R B ) 

MONOSTABLE OPERATION 

In this mode of operation, the timer functions as a one- 
shot. Initially the external capacitor (C) is held discharged by 
a transisto r inside the timer. Upon application of a negative 
TRIGGER pulse to pin 2, the internal flip flop is set which 
releases the short circuit across the external capacitor and 
drives the OUTPUT high. The voltage across the capacitor 
now increases exponentially with a time constant t=R A C. 
When the voltage across the capacitor equals 2 / 3 V+, the 
comparator resets the flip flop, which in turn discharges the 
capac itor rapidly and also drives the OUTPUT to its low 
state. TRIGGER must return to a high state before the OUT- 
PUT can return to a low state. 


^output — (V3) RaC — 1-1 Ra c 



NOTE: All typical values have been characterized but are not tested. 
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v+ 




0363-22 

Figure 4b: 


CONTROL VOLTAGE 

The CONTROL VOLTAGE termi nal permit s the two trip 
voltages for the THRESHOLD and TRIGGER internal com- 
parators to be controlled. This provides the possibility of 
oscillation frequency modulation in the astable mode or 
even inhibition of oscillation, depending on the applied volt- 
age. In the monostable mode, delay times can be changed 
by varying the applied voltage to the CONTROL VOLTAGE 
pin. 

RESET 

The RESET terminal is designed to have essentially the 
same trip voltage as the standard bipolar 555/6, i.e. 0.6 to 
0.7 volts. At all supply voltages it represents an e xtremely 
high input impedance. The mode of operation of the RESET 
function is, however, much improved over the standard bi- 
polar 555/6 in that it controls only the internal flip flop, 
which in turn controls simultaneously the state of the OUT- 
PUT and DISCHARGE pins. This avoids the multiple thresh- 
old problems sometimes encountered with slow falling edg- 
es in the bipolar devices. 


t = 1.1RC 
V + 




R = lOOkft ±20% Typical 


Figure 6: Equivalent Circuit 


0363-19 


NOTE: All typical values have been characterized but are not tested. 
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TRUTH TABLE 


Threshold 

Trigger 

RESET 

Output 

Discharge 

Voltage 

Voltage 

Switch 

DON’T CARE 

DON’T CARE 

LOW 

LOW 

ON 

> 2 /a(V + ) 

>y 3 (v+) 

HIGH 

LOW 

ON 

< 2 /a(V + ) 

>'/ 3 (V + ) 

HIGH 

STABLE 

STABLE 

DON’T CARE 

> 

V 

HIGH 

HIGH 

OFF 


NOTE: RESET will dominate all other inputs: TRIGGER will dominate over THRESHOLD. 



NOTE: All typical values have been charactenzed but are not tested. 
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TELECOMMUNICATIONS 


TELECOMMUNICATION DATASHEETS 

CD22100 CMOS 4x4 Crosspoint Switch with Control Memory 

CD22101 CMOS4x4x 2 Crosspoint Switches with Control Memory 

CD22102 CMOS 4x4x2 Crosspoint Switches with Control Memory , 

CD22103A CMOS HDB3 (High-Density Bipolar 3) T ranscoder for 2.048/8.448 Mbs 

CD22202E 5V Low-Power DTMF Receiver 

CD22203E 5V Low-Power DTMF Receiver 

CD22204 5 V Low-Power DTMF Receiver 

CD22301 PCM Line Repeater 

CD22354A CMOS Single-Chip, Full-Feature PCM CODEC 

CD22357A CMOS Single-Chip, Full-Feature PCM CODEC 

CD22M3493 12x8x1 BiMOS-E Crosspoint Switch 

CD22M3494 16x6x1 BiMOS-E Crosspoint Switch 

CD22859 COS/MOS Dual-Tone Multifrequency Tone Generator 

CD74HC22106 QMOS 8 x 8 x 1 Crosspoint Switch with Memory Control 

CD74HCT221 06 QMOS 8x8x1 Crosspoint Switch with Memory Control 

HC 5502A SLIC Subscriber Line Interface Circuit 

HC 5502B SLIC Subscriber Line Interface Circuit 

HC 5504 SLIC Subscriber Line Interface Circuit 

HC 5504B SLIC Subscriber Line Interface Circuit 

HC 5504DLC SLIC Subscriber Line Interface Circuit 

HC 5509B SLIC Subscriber Line Interface Circuit 

HC 5524 SLIC Subscriber Line Interface Circuit 

HC 5560 PCM Transcoder 

HC 55536 Continuously Variable Slope Delta Demodulator (CVSD) 

HC 55564 Continuously Variable Slope Delta-Modulator (CVSD) 
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CMOS 4x4 Crosspoint Swtich with Control Memory 
High-Voltage Types (20V Rating) 


Features 

• Low ON Resistance 75fi Typ. at Vqd = 1 2V 

• “Built-In” Control Latches 

• Large Analog Signal Capability ±Vqd/2 

• 10MHz Switch Bandwidth 

• Matched Switch Characteristics ARon = 180 Typ. at 

V DD = 12V 

• High Linearity - 0.5% Distortion (Typ.) at 

f = 1kHz, V|N = 5Vp-p, Vqd = 10V, and Rl = IkO 

• Standard CMOS Noise Immunity 

• 100% Tested for Maximum Quiescent Current at 20V 


Description 

CD 221 00 combines a 4 x 4 array of crosspoints (transmis- 
sion gates) with a 4-line-to-1 6-Iine decoder and 16 latch 
circuits. Any one of the sixteen transmission gate 
(crosspoints) can be selected by applying the appropriate 
four line address. The selected transmission gate can be 
turned on or off by applying a logical one or zero, respec- 
tively, to the data input and strobing the strobe input to a 
logical one. Any number of the transmission gates can be 
ON simultaneously. When the required operating power is 
applied to the CD22100, the states of the 16 switches are 
indeterminate. Therefore, all switches must be turned off by 
putting the strobe high and data-in low, and then address- 
ing all switches in succession. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to V SS Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V QD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT* ±10 mA 

POWER DISSIPATION PER PACKAGE (Pr,): 

For T a = -40 to +60 C (PACKAGE TYPE E) 500 mW 

For T a = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D, F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D, F) . . . Derate Linearly at 12 mW/°C to 200 mW 

DEVICE DISSIPATION PER TRANSMISSION GATE 

FOR T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ) : 

PACKAGE TYPES D, F -55to+125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T st ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 


* Maximum current through transmission gates (switches) = 25mA 



« 

1 150 

§ 

-125 

1 100 

“ 75 

x 50 

* 25 

SUPPLY VOLTAGE (VDD>* + 



: 


T 

1 

A 


a 

i 

l 

a 


TEMPER 

5*C 

28*C " 

- -55*C J 




i 

- 

1 

l 


d 


















2 

JU 



-10 -75 -5 -2.5 0 2 5 5 7.5 10 

INPUT SIGNAL (V l$ )-V 

9 2CS- 30262 


Fig. 2— Typical ON resistance as a function of 
input signal voltage at Vqq = — V<.<* = 


Fig. 3— Typical ON resistance as a function of 
input signal voltage at Vqq = ~V$s = 




Fig. 4 — Typical ON resistance as a function of 
input signal voltage at Vqq = - = 


Fig. 5— Typical ON resistance as a function of 
input signal voltage at T A =25 C. 
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RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 



LIMITS 



MIN. 

MAX. 


Supply-Voltage Range (For Ta = 




Full Package-Temperature Range) 

3 

18 

V 


* 

OATA 


STROBE IN 



DETAIL OF TRANSMISSION OATES 




INPUT VOLTAGE (V„)-V 92CS-30265 

Fig. 7 - Typical switch ON transfer charac- 
teristics ( 1 of 16 switches). 


AMBIENT TEMPERATURE (T A )*25*C 
SUPPLY VOLTAGE : V 0D *+5, Vss*' 5 V 

INPUT SIGNAL VOLTAGE < V IS )■ 5 V p-p -j 

! | SINE WAVE ( I 77 V RMS) | 

| OATA- IN VOLTAGE ( VqaTA- IN> * + 5 V | 

- LOAD CAPACITANCE <C L )-l5pF C 10t *0 4pF 

I' II III II II I I r-i-1 



F VOLTMETER 
00 N TON RADIO 
ODEL 91-CA 
R EOUIV. 


INPUT SIGNAL FREQUENY <l it )-kHz 

92CS -30261 

Fig. 8 — Typical switch ON frequency response 
characteristics. 


Fig. 6— Schematic diagram. 



TRUTH TABLE 

Address 

Select Address 

Select 

A B 

C 

D 

A 

B 

C D 


0 0 

0 

0 

X1Y1 0 

0 

0 1 

X1Y3 

1 0 

0 

0 

X2Y1 1 

0 

0 1 

X2Y3 

0 1 

0 

0 

X3Y 1 0 

1 

0 1 

X3Y3 

1 1 

0 

0 

X4Y1 1 

1 

0 1 

X4Y3 

0 0 

1 

0 

X1Y2 0 

0 

1 1 

X1Y4 

1 0 

1 

0 

X2Y2 1 

0 

1 1 

X2Y4 

0 1 

1 

0 

X3Y2 0 

1 

1 1 

X3Y4 

1 1 

1 

0 

X4Y2 1 

1 

1 1 

X4Y4 



Fig. 9 — Typical crosstalk between switches as a 
function of signal frequency. 
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STATIC ELECTRICAL CHARACTERISTICS . 

LIMITS at Indicated Temperature ( U C) 

CHARAC- CONDITIONS Values at —55,+25,+1 25, apply to D,F,H pkg Units 

TERISTIC Values at -40,+25,+85,apply to E pkg 

I V, N I V n n -55 I -40 I +85 1+1251 +25 


0 s ®! AMBIENT TEMPERATURE <T A )• 25* C 


V| N 

V DD 

-55 -40 

+85 +125 

(V) 

(V) 


F 


Typ. Max. 


CROSSPOINTS 




- 

5 

5 

5 

150 

150 

- 

0.04 

5 

Device Cur- 


_ 

10 

10 

10 

300 

300 

- 

0.04 

10 

rent, l DD 


_ 

15 

20 

20 

600 

600 

- 

0.04 

20 

Max. 


- 

20 

100 

100 

3000 

00 

0 

0 

0 

- 

0.08 

100 

ON Resist- 


- 

5 

475 

500 

725 

800 

- 

225 

600 

ance 

Any Switch 

- 

10 

135 

145 

205 

230 

- 

85 

180 


V IS = 

- 

12 

100 

110 

155 

175 

- 

75 

135 


Oto Vqq 

- 

15 

70 

75 

110 

125 

- 

65 

95 



_ 

5 

- 

- 

- 

- 

- 

25 

- 

AON Resist- 

Between 

- 

10 

- 


- 

- 

_ 

10 

- 

ance, 

any two 

- 

12 

- 

- 

- 

- 

- 

8 

- 

ARqn 

switches 

- 

15 

- 

- 

- 

- 


5 

- 

OFF Switch 
Leakage 
Current 

1 l Max. 

All switches 
OFF 

0,18 

18 

±100 

±1000 

- 

±1 

±100* 


Input Low 
Voltage 
V| |_ Max. 

Input High 
Voltage, 
V|h Min. 


OFF switch 
I l <0.2mA 

ON switch 
see Rqn 
characteristic 


- 

5 

1.5 

- 

- 

1.5 

- 

10 

3 

uZ 

- 

3 

- 

15 

4 


- 

4 

_ 

5 

3.5 

3.5 

- 

- 

- 

10 

7 

7 

- 

- 

- 

15 

11 

11 

- 

- 

0,18 

18 

± 0.1 ± 0.1 ±1 ±1 

- 

± 10“ 5 

± 0.1 


Input 

Current, Any control 0,18 18 ±0.1 ±0.1 ±1 ±1 - 

IjN Max. 

* Determined by minimum feasible leakage measurement for automatic testing. 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C 

CONDITIONS 

CHARACTERISTIC — ~ t~~" — 177 

f is «L V is * V DD 
kHz kf2 (V) (V) 

CROSSPOINTS 

Propagation Delay Time, (Switch ON) 5 5 

I Signal Input to Output, tp|_j tpLH - 10 10 10 


CONDITIONS 

LIMITS 

f is 

kHz 

«L 

V is * 

(V) 

V DD 

(V) 

Min. 

Typ. 

Max. 



0 1 I 10 10* IO 3 ' I0 4 

SWITCHING FREQUENCY (f t >-kHi 

92CS- 30268 

Fig. 10— Typical dynamic power dissipation as a 
function of switching frequency. 



SS 92CS- 30269 

Fig. 11 — Quiescent current test circuit. 



NOTE 

MEASURE INPUTS 
SEQUENTIALLY TO 
BOTH V D 0 AND Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vdd or v SS 


Fig. 12 — Input current test circuit. 


5 

5 

- 

30 

60 



10 10 

10 

- 

15 

30 

ns 

500 _ 

15 

15 

! - 

10 

20 




Frequency Response, 
(Any Switch ON) 


SineWave Response, (Distortion) 
Feedthrough 
(All Switches OFF) 

•Peak-to-peak voltage symmetrical about 


C|_ = 50pF;t r , tf = 20 ns 
1 1 1 1 5 1 10 

Sine wave input , 

V os 

20 log = -3 dB 


Sine wave input 



NOTE 

CLOSE SWITCH S AFTER 
APPLYING VDD 


Fig. 13 — Dynamic power dissipation test circuit. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C 


CHARACTERISTIC 

CONDITIONS 

LIMITS 

UNITS 

*is 

kHz 

Rl 

kft 

V is * 

(V) 

V DD 

(V) 

Min. 

Typ. 

Max. 

CROSSPOINTS (CONT'D) | 

Frequency for Signal Crosstalk 
Attenuation of 40 dB 

Attenuation of 1 10 dB 

- 

TT 

10 

10 

- 

1.5 

0.1 

- 

MHz 

kHz 

Sine wave input 

Capacitance, 

X n to Ground 

Y n to Ground 

Feedthrough 


- 

- 

5-15 

5-15 

- 

18 

30 

0.4 

- 

pF 

CONTROLS 

See 

Fig. 


Propagation Delay Time: 

Strobe to Output, tp^H 
(Switch Turn-ON to High Level) 

R L =1kft, 
C L =50pF, 
t^.tf = 20 ns 

18 

5 

10 

15 

- 

300 

125 

80 

600 

250 

160 

ns 

Data-In to Output, tp^pj 
(Turn-On to High Level) 

1 


19 

5 

10 

15 

- 

110 

40 

25 

220 

80 

50 

Address to Output, tp^n 
(Turn-ON to High Level) 

20 

5 

10 

15 

- 

350 

135 

90 

700 

270 

180 

Propagation Delay Time: 

Strobe to Output, tppj^ 

(Switch Turn-OFF) 

18 

5 

10 

15 

- 

165 

85 

70 

330 

170 

140 

ns 

Data-In to Output, tp^|_ 

(Turn-ON to Low Level) 

19 

5 

10 

15 

- 

210 

110 

100 

420 

220 

200 

Address to Output, tp^z 
(Turn-OFF) 

20 

5 

10 

15 

— 

435 

210 

160 

870 

420 

320 

Minimum Setup Time, 

Data-In to Strobe, Address, t0u 


5 

10 

15 

- 

95 

25 

15 

190 

50 

30 

ns 

Minimum Hold Time, 

Data-In to Strobe, Address, t^ 


5 

10 

15 

- 

180 

110 

35 

360 

220 

70 

ns 

Maximum Switching Frequency, f^ 

R |_=1 k£2, C |^=50 pF 
t r , tf = 20 ns 

5 

10 

15 

0.6 

1.6 

2.5 

1.2 

3.2 

5 

- j 

MHz 

Minimum Strobe Pulse Width, ty/y 

5 

10 

15 

- 

300 

120 

90 

600 

240 

180 

ns 

Control Crosstalk, 

Data-In, Address, or Strobe to Output 

- 

10 

10 

10 


75 


mV 

(peak) 

Square wave input 
t r , t f = 20 ns 

Input Capacitance, C|^ 

Any Control Input 

- 

- 

5 

7.5 

pF 


• Peak-to-peak voltage symmetrical about Vqq. 

2 



Fig. 14 — OFF switch input or output leakage 
current test circuit. 


ON 



SW* ANY CROSSPOINT 
STROBE * DATA-IN -V DD 




*PLH *“j 

II 

M 

1-*— ’PHL 

50% -J 

o —J 

i \ 



92CS- 30273 


Fig. IS — Propagation delay time test circuit and 
waveforms (signal input to signal output, 
switch ON). 


CONTROLS 



-■ l 1 U_ 


92CM-30277 

Fig. 16 — Test circuit and waveforms for crosstalk 
(control input to signal output). 


ON 



SW* ANY CROSSPOINT 92CS-30278 

Fig. 1 7 — Test circuit for crosstalk between switch 
circuits in the same package. 
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92CM-30274 


Fig. 18 — Propagation delay time test circuit and waveforms (strobe to signal 
output, switch Turn-ON or Turn-OFF). 



Fig. 19 - Propagation delay time test circuit and waveforms (data-in to signal output, 
switch Turn-ON to high or tow level). 



Fig. 20 — Propagation delay time test circuit and waveforms (address to signal output, 
switch Turn-On or Turn-OFF). 



Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10*3 inch). 
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CD22101 

CD22102 

CMOS 4x4x2 Crosspoint Switch 
With Control Memory 


Features 

• Low ON Resistance 75 V Typ. at Vqd = 1 2V 


• “Built-In” Latched Inputs 

• Large Analog Signal Capability ±Vdd/2 

• Switch Bandwidth 10MHz 


• Matched Switch Characteristics ARon = Typ. at 
V DD = 12V 

• High Linearity - 0.25% Distortion (Typ.) at f = 1kHz, 
V|N = 5Vp-p, Vdd " Vss = 10V, and Ri = IkQ 

• Standard CMOS Noise Immunity 

Applications 

• Telephone Systems 

• PBX 

• Studio Audio Switching 

• Multisystem Bus Interconnect 


Description 

CD22101 and CD22102 crosspoint switches consist of 4 x 
4x2 arrays of crosspoint (transmission gates) 4-line to 1 6- 
line decoders and 16 latch circuits. Any one of the sixteen 
crosspoint pairs can be selected by applying the appropri- 
ate four-line address, and any number of crosspoints can 
be ON simultaneously. Corresponding crosspoints in each 
array are turned on and off simultaneously, also. 

In the CD221 01 , the selected crosspoint pair can be turned 
on of off by applying a logical ONE or ZERO, respectively, 
to the data input, and applying a ONE to the strobe input. 
When the device is “powered up”, the states of the 16 
switches are indeterminate. Therefore, all switched must be 
turned off by putting the strobe high, data-in low, and then 
addressing all switches in succession. 

The selected pair of crosspoints in the CD22102 is turned 
on by applying a logical ONE to the K a (set) input while a 
logical ZERO is on the Kb inut, and turned off by applying a 
logical ONE to the Kb (reset) input while a logical ZERO is 
on the K a input. In this respect, the control latches of the 
CD 22 102 are similar to SET/RESET flip-flops. They differ, 
however, in that the simultaneous application of ONE’S to 
the K a and Kb inputs turns off (resets) all crosspoints. All 
crosspoints in both devices must be turned off as Vqd is 
applied. 

The CD22101 and CD22102 types are supplied in 24 lead 
Hermetic dual-in-line ceramic packages (D and F suffixes), 
24 lead dual-in-line plastic packages (E suffix). 


Pinouts 

CD22101 CD22102 

24 PIN CERAMIC/PLASTIC DIP 24 PIN CERAMIC/PLASTIC DIP 
TOP VIEW TOP VIEW 


B[rj 



B dj 






-no 






ifflo 



Yr[T 



vi’E 



xi’ [T 






ao 






X3’(T 



X3’[T 



Y4 'DE 



Y4’[F 



Y3’|T 



llsEo 



m i 



BBra 



D 0 


N K a 

D 0 


p4| DATA 








Functional Diagram 



OUT (IN) 


OUT (IN) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 


File Number 2871 
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Specifications CD 22 101, CD 22 1 02 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vss Terminal) —0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT* ±10 mA 

POWER DISSIPATION PER PACKAGE (P D ): 

For T A = -40 to +60°C (PACKAGE TYPE E) 500 mW 

For T A = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For T A = -55 to +100°C (PACKAGE TYPES D,F) 500 mW 

For T A = +100 to +125°C (PACKAGE TYPES D,F) . . . Derate Linearly at 1 2 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING-TEMPERATURE RANGE (T A ): 

PACKAGE TYPES D, F, H -55 to +125°C 

PACKAGE TYPE E -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg ) -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max +265°C 

* Maximum current through transmission gates (switches) = 25 mA. 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that oper- 
ation is always within the following ranges: 



SIGNALS IN (OUT) 

92CM- 29838 


Fig. 1 — Functional block diagram. 
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CD22101 , CD22102 



Fig. 2 - Logic diagram. 


DECODER TRUTH TABLE 


Address 

Select 

Address 

Select 

A 

B 

c 

D 


A 

B 

c 

D 


0 

0 

0 

0 

xiyi axiVT 

0 

0 

0 

1 

X1Y3&XVY3' 

1 

0 

0 

0 

X2Y1 & X2'Y1' 

1 

0 

0 

1 

X2Y3 & X2'Y3' 

0 

1 

0 

0 

X3Y1 & X3'Y1' 

0 

1 

0 

1 

X3Y3 & X3'Y3' 

1 

1 

0 

0 

X4Y1 & X4'Y1' 

1 

1 

0 

1 

X4Y3 & X4'Y3' 

0 

0 

1 

0 

XI Y2 & X1 , Y2 # 

0 

0 

1 

1 

X1Y4& Xl'Y4' 

1 

0 

1 

0 

X2Y2 & X2'Y2' 

1 

0 

1 

1 

X2Y4 & X2'Y4' 

0 

1 

1 

0 

X3Y2 & X3'Y2' 

0 

1 

1 

1 

X3Y4 & X3'Y4' 

1 

1 

1 

0 

X4Y2 & X4'Y2' 

1 

1 

1 

_Lj 

X4Y4 & X4'Y4' 


CONTROL TRUTH TABLE FOR CD22101 


Function 

Address 

Strobe 

Data 

Select 


A 

B 

c 

D 




Switch On 

1 

1 

1 

1 

1 

1 

15 (X4Y4) & 

15' (X4'Y4') 

Switch Off 

1 

1 

1 

1 

1 

0 

15 (X4Y4) & 

15' (X4'Y4') 

No Change 

X 

X 

X 

X 

0 

X 

X X X.X 

1 - High Level 

0- 

Low Level; 

X ■ Don't Care 





CONTROL TRUTH TABLE FOR CD22102 


Function 

Address 

K a 

Kb 

Select 


A 

B 

c 

D 




Switch On 

1 

1 

1 

1 

1 

0 

15 (X4Y4) & 

15' (X4'Y4') 

Switch Off 

1 

1 

1 

1 

0 

1 

15 (X4Y4) & 

15' (X4'Y4') 

All Switches 
Off# 

X 

X 

X 

X 

1 

1 

All 

No Change 

X 

X 

X 

X 

0 

0 

X X X X 


1 ■ High Laval; 0 » Low Laval; X ■ Don’t Cara 

# In the event that K a and Kb are changed from level! 1 ,1 to 0,0 K5 should not be allowed to go to 0 before K a , 
otherwise a switch which was off will inadvertently be turned on. 
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Current, Any control 0,18 18 ±0.1 ±0.1 ±1 ±1 

1 1 (sj Max. 


Determined by minimum feasible leakage measurement for automatic testing. 


:::::::::::::::::::::::::::::::::: 






INPUT SIGNAL (Vj t >— V 

92CS-3I 

Fig. 3 — Typical ON resistance as a function of 
input signal voltage at Vqq= ~^SS~ 
2.5 V. 

| supply ^ voltage 1 vpp) * +5 v Vss ^ -5 v z : : : : : : :: :: : 



INPUT SIGNAL (V:, ) — V 

92CS- 51630 

Fig. 4 — Typical ON resistance as a function of 
input signal voltage at V DD~ ~ V SS X: 
5 V. 


1001 SUPPLY VOLTAGE ( Vnn) * + 7 5 V ; V ss • -7.5 



INPUT SIGNAL (Vj,)- 

Fig. 5 — Typical ON resistance as 
input signal voltage at V 
7.5 V. 


AMBIENT TEMPERATURE (T A I * 25* C 


Fig. 6 — Typical ON resistance as a function of 
input signal voltage at T A = 25° C. 



AMBIENT TEMPERATURE (T A )*25*C 
SUPPLY VOLTAGE : V DD *+3, V S S** 5 V 
INPUT SIGNAL VOLTAGE (V„)- 3 V p-pl_ 
J2 | SINE WAVE (I 77 V RMS) I 

d DATA- IN VOLTAGE ( V DATA . | N ) . + 5 V 
> LOAD CAPACITANCE <C L ).|5pF Cjo# 



INPUT VOLTAGE (Vj,)-V 92C S-30265 

Fig. 7 — Typical switch ON transfer characteristics 
(1 of 16 switches). 


1 RF VOLTMETER 
BOONTON RADIO 
MODEL 91-CA 
OR EQUIV 


INPUT SIGNAL FREQUENY (f ia |— kHx 92CS-302 

Fig. 8 — Typical switch ON frequency response 
characteristics. 





























CD 221 01 f CD 22 102 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A - 25°C 



CONDITIONS 

LIMITS 

UNITS 


♦is 

kHz 

r l 

k£2 

v is » 

(V) 

V DD 

(V) 

— 

Min. 

Typ. 

Max. 

CROSSPOINTS ~ ~ | 

Propagation Delay Time, (Switch ON) 



5 

5 

n 

30 

Q 


Signal Input to Output, tp Hl _. tpLH 

- 

10 

10 

10 

m 

15 

m 





15 

15 


10 

H 



C L 



■ 


■ 


Frequency Response, 

1 

m 

■a 


B 

BQi 

B 

wmm 

(Any Switch ON) 



I 


m 



20 log 

X 


1 

1 

1 

m 

Sine Wave Response, (Distortion) 

1 

1 

i 

i 

2.5 

5 

5 

10 

■ 

mu 

3 

% 


1 

i 

7.5 

15 

H 


m 


Feedthrough 

1.6 

0.6 

E 

10 


-96 


ESI 

All Switches OFF (See Fig. 24) 

Sine wave input 





Frequency for Signal Crosstalk 
Attenuation of 40 dB 

- 

| 0.6 

- 

10 


2.5 










Attenuation of 95 dB (See Fig. 23) 

Sine wave input 



0.1 


kHz 

Capacitance, 









X n to Ground 


- 

- 

- 

- 

25 

- 


Y n to Ground 


- 

- 

- 

- 

60 

- 

PF 

Feedthrough 


- 

- 

- 

- 

0.6 

- 


CONTROLS 


See 

Fig. 






Propagation Delay Time, High Impedance 

R l = 1 kfi. 


5 

- 

500 

1000 


to High Level or Low Level, tp^n* tpZL 

C L = 50 pF, 


10 

- 

230 

460 


Strobe to Output, CD22101 

V tf = 

20 ns 

16 

15 

- 

170 

340 






5 

- 

515 

1000 


Data-In to Output, CD22101 



17 

10 

- 

220 

440 






15 

- 

170 

340 






5 

_ 

500 

1000 


K a to Output, CD22102 




10 

- 

215 

430 






15 

- 

160 

320 






5 

- 

480 

960 


Address to Output, 



18 

10 

- 

225 

450 


CD22101, CD22102 




15 

- 

155 

300 

ns 

Propagation Delay Time, High Level or 




5 

- 

450 

900 

Low Level to High Impedance, tpuz^PLZ 
Strobe to Output, CD22101 



16 

10 

15 

— 

200 

135 

400 

270 






5 

_ 

450 

900 


K b to Output, CD22102 




10 

- 

200 

400 






15 

- 

130 

260 






5 

- 

450 

900 


Data-In to Output, CD22101 




10 

- 

165 

330 






15 

- 

110 

220 






5 

- 

280 

560 


K a -K b to Output, CD22102 




10 

- 

130 

260 






_L5 

_ 






Fig. 9 — Typical crosstalk between switches as a 


function of signal frequency. 



Fig. 10 — Typical feedthrough, any OFF switch as 
a function of frequency. 



SWITCHING FREQUENCY {f t )— kHz 92CS-30268 

Fig. 11 — Typical dynamic power dissipation as a 
function of switching frequency for 
CD22101. 


V DD 



* Peak-to-peak voltage symmetrical about Vqq unless otherwise specified. 

2 


92CS-3I627 


Fig. 12 — Quiescent current test circuit. 
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CD 22 101, CD22102 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C (cont'd) 



CONDITIONS 

LIMITS 

UNITS 

CHARACTERISTIC 

*i$ 

kHz 

Rl 

kft 

V is * 

(V) 

V DD 

(V) 

Min. 

Typ. 

Max. 

CONTROLS (cont'd) j 

""See 

Fig. 

1 






5 

_ 

425 

850 


Address to Output, 

r L = 

1 k. 

18 

10 

- 

190 

380 


CD22101, CD22102 

C L = 

50 pF, 


15 

- 

130 

260 


Minimum Strobe Pulse Width tyy 

Vr 

20 ns 


5 

_ 

260 

500 


CD22101 





10 

- 

120 

240 







15 

- 

80 

160 


Address to Strobe Setup or Hold Times, 





5 

- 

-160 

0 


t su ,t h , CD22101 




19 

10 

- 

-70 

0 







15 

- 

-50 

0 


Strobe to Data-In Hold Time, 





5 

- 

200 

400 


Time, t hHL ;t hLH , CD22101 




20 

10 

- 

80 

160 







15 

- 

60 

120 

ns 

Address to Kg and Setup or Hold Times, 





5 

- 

-160 

0 


t su ,t H , CD22102 





10 

- 

-70 

0 







15 

- 

-50 

0 


Minimum Kg'Kj., Pulse Width, % 





5 

- 

375 

750 


CD22102 





10 

- 

160 

320 







15 

- 

110 

220 


Minimum K a Pulse Width, tyy 





5 

- 

425 

850 


CD22102 





10 

- 

175 

350 







15 

- 

120 

240 


Minimum Pulse Width, tyy 





5 

- 

200 

400 


CD22102 

\ 




10 

- 

90 

180 







15 

- 

70 

140 


Control Crosstalk, 

100 


ho 


5 

- 1 

75 

- 


Data-In, Address, or Strobe 

Square wave 

21 





mv 

to Output^. 

input 

= 

5 V, 






(peak) 


Vf= 

20 ns, 








R s =1kft 







Input Capacitance, C||\j 

Any Control 


- 

- 

5 

7.5 

pF 


| Input 










NOTE'- 

MEASURE INPUTS 
SEQUENTIALLY TO 
BOTH V dd AND Vg S 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VDD OR v ss 


Fig. 13 - Input current test circuit 



Fig. 14 — Dynamic power dissipation test circuit 
for CD22101. 



Fig. 15 - OFF switch input or output leakage Fig. 16 - Propagation delay time test circuit and wave- 

current test circuit (16 of 32 forms (signal input to signal output, 

switches). switch ON). 
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Fig. 17 — Propagation delay time test circuit and waveforms (strobe to signal 
output, switch Turn-ON or Turn-OFF). 



Fig. 18 — Propagation delay time test circuit and waveforms (data-in to signal output, 
switch Turn-ON to high or low level). 



Fig. 19 — Propagation delay time test circuit and waveforms (address to signal output, 
switch turn-ON or Turn-OFF). 



STROBE 

o 

r\ 




DATA 

f siT 

/ 

— 

■prv / 

i i — \ 


ADDRESS 



OUTPUT OF SWITCH 
ADDRESSED 


IF SETUP AND HOLD TIMES PROVIDED ARE TOO SHORT 
AN UNADDRESSED SWITCH MAY BE TURNED ON OR OFF 
SIMULTANEOUSLY WITH THE ADDRESSED SWITCH- 


92CS-3IG34 



TO ALL X INPUTS AND RETURN AU. 

Vs S THROUGH IK. ADDRESS XIY2 (ABCD) WITH f| N *IOkHz 

92CS-3I633 


Fig. 20 - Address to strobe setup and hold times. 


Fig. 21 — Strobe to Data-In hold time fy,, for CD22101. 
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CD22 103 A 


CMOS HDB3 (High Density Bipolar 3) 
Transcoder for 2.048/8.448 Mb/s Transmission Applications 


Features 

• HDB3 Coding and Decoding for Data Rates from 
50Kb/s to lOMb/s in a Manner Consistent with CC1TT 
G703 Recommendations 

• HDB3/AMI Transmission Coding/Reception Decod- 
ing with Code Error Detection is Performed in 
Independent Coder and Decoder Sections 

• All Transmitter and Receiver Inputs/Outputs are TTL 
Compatible 

• Internal Loop Test Capability 


Description 

The CD22103A is an LSI SOS integrated circuit which per- 
forms the HDB3 transmission coding and reception decod- 
ing functions with error detection. It is used in 2.048Mb/s 
and 8.448Mb/s transmission applications. The CD22103A 
performs HDB3 coding and decoding for data rates from 
50Kb/s to 1 0Mb/s in a manner consistent with CCITT G703 
recommendations. 

HDB3 transmission coding/receptin decoding with code er- 
ror detection is performed in independent coder and 
decoder sections. All transmitter and receiver inputs/out- 
puts are TTL compatible. 

The HDB3 transmitter coder codes an NRZ binary unipolar 
input signal (NRZ-IN) and a synchronous transmission 
clock (CTX) into two HDB3 binary unipolar RZ output sig- 
nals (+HDB3 OUT, -HDB3 OUT). The TTL compatible out- 
put signals +HDB3 OUT, -HDB3 OUT are externally mixed 
to generate ternary bipolar HDB3 signals for driving trans- 
mission lines. 

The receiver decoder converts binary unipolar inputs 
(+HDB3 IN, -HDB3 IN), which were externally split from ter- 
nary bipolar HDB3 signals, and a synchronous clock signal 
(CRX) into binary unipolar NRZ signals (NRZ-OUT). 


Pinout 


CD22103A 
TOP VIEW 


NRZ - IN [T 
CTX pT 
HDB3/AMI [T 
NRZ - OUT [T 
CRX pi" 
RAIS [T 
AIS \T 

v ss [T 


m v DD 

Tj] + HDB3 OUT 
14] - HDB3 OUT 
Tj] + HDB3 IN 

jU LTE 

3 HDB3 IN 

To] CKR 

T] ERR 


Block Diagram 



+ HDB3 OUT 
- HDB3 OUT 
CKR 


NRZ - OUT 


ERR 

AIS 


FIGURE 1. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 


File Number 1310.1 
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Specifications CD22103A 


Received signals not consistent with HDB3 coding rules are 
detected as errors. The receiver error output (ERR) is active 
high during one CRX period of each bit of received data that 
is inconsistent with HDB3 coding rules. 

An input string consisting of all ones (or marks) is detected 
and signaled by a high level at the Alarm Signal (AIS) 
output. The AIS output is set to a high level when less than 
three zeros are received during two consecutive periods of 
the Reset Alarm Inhibit Signal (RAIS). The AIS output is 
subsequently reset to a low level when three or mor e zeros 
are received during two periods of the reset signal (RAIS). 

A diagnostic Loop-Test Mode may be entered by driving the 
LoopTest Enable Input (LTE) high. In this mode the HDB3 
transmitter outputs (+HDB3 OUT, -HDB3 OUT) are internally 
connected to the HDB3 receiver inputs, and the external 
HDB3 receiver inputs (+HDB3 IN, -HDB3 IN) are disabled. 
The NRZ binary output signal (NRZ - OUT) corresponds to 
the NRZ binary input signal (NRZ - IN) delayed by 
approximately 8 clock periods. 


The Clock Receiver Output (CKR) is the product of the two 
HDB3 input signals or-ed together. The CRX clock signal 
may be derived from the CKR 'signal with external clock 
extraction circuitry. In the Loop Test Mode (LTE = 1 ) CKR is 
the product of the +HDB3 OUT and -HDB3 OUT signals 
or-ed together. 

The CD22103A may also be used to perform the AMI to NRZ 
coding/decoding function. To use the CD22103A in this 
mode, the HDB3/AMI control input is driven low. 

The RCA-CD22103A operates with a 5 V ±10% power 
supply voltage over the full military temperature range at 
data rates from 50 Kb/s up to 10 Mb/s. 

The RCA-CD22103A is similar in function and pin con- 
figuration to type MJ1471. 

The CD221 03A types are supplied in 1 6-lead hermetic dual- 
in-line welded-seal ceramic packages (D suffix), 16-lead 
dual-in-line plastic packages (E suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (V DD ) 

(Voltages referenced to Vss Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (P D ) 

For T a = -40 to + 60° C (PACKAGE TYPE E) 

For Ta = +60 to +85° C (PACKAGE TYPE E) 

For T a = -55 to +100°C (PACKAGE TYPE D) 

For T a = +1 00 to +1 25° C (PACKAGE TYPE D) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For T a = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (T A ) 

PACKAGE TYPES D , 

PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (T s , 0 ) 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max 


-0.5 to + 8 V 

-0.5 to Vdd + 0.5 V 

±10 mA 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 

500 mW 

Derate Linearly at 12 mW/°C to 200 mW 

100 mW 

-55 to +125° C 

-40 to +85° C 

-65 to +150° C 

+265° C 


RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that operating is always within the 
following ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Max. 

DC Supply Voltage Range (For T A =Full Package-Temperature Range) 

4.5 

5.5 

V 
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Specifications CD22103A 


STATIC ELECTRICAL CHARACTERISTICS, V DD = 5 V ±10%; T A = 25° C 


CHARACTERISTIC 

SYMBOL 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

Quiescent Device Current 

Idd 

— 

— 

100 

M 

Operating Device Current (f C L = 10 MHz) 


— 

- 

8 

mA 

HDB3 Output Low (Sink) Current (Vol = 0.5 V) 

IoLI 

1.6 

— 

— 

HDB3 Output High (Source) Current (V 0 h = 2.8 V) 

l0H1 

-10 

- 

— 

All Other Outputs Low (Sink) Current (Vol = 0.5 V) 

IOL2 

1.6 


— 

All Other Outputs High (Source) Current (Vol = 2.8 V) 

IOH2 

-1.6 

— 

— 

Input Low Current 

IlL 

— 

- 

-1 


Input High Current 

I.H 

— 

- 

1 

Input Low Voltage (Max.) 

V,L 

— 

— 

0.8 

V 

Input High Voltage (Min.) 

V,H 

2 

— 

— 

Input Capacitance 

ClN 

- 

: 

5 

PF 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A range of -40° C to +85° C for plastic package; 
-55° C to +125°C for ceramic package; Vdd range of 4.5 V to 5.5 V, C L = 15 pF 


CHARACTERISTIC 

— 

SYMBOL 


LIMITS 


UNITS 

Min. 

Typ. 

Max. 

INPUT 






CTX, CRX Input Frequency 

fcTX, fcRX 

0.05 

- 

10 

MHz 

CTX, CRX Input Rise Time * 

trcl 

- 

- 

1 

fJS 

Fall Time * 

tfcl 

- 

- 

1 

NRZ-IN to CTX 






Data Setup Time * 

ts 

15 

- 

- 

ns 

Data Hold Time * 

t H 

15 

— 

— 


HDB3 IN to CRX 






Data Setup Time § 

ts 

15 

- 

- 

ns 

Data Hold Time * 

tH 

0 

- 

- 

CRX to CKR 

CRX = 8.448 MHz 






Pretrigger • 

tp 

- 

- 

20 

ns 

Delay 

td 

- 

- 

20 



* See Fig. 4 § See Fig. 5 • See Fig. 6 
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Specifications CD22 103A 


DYNAMIC ELECTRICAL CHARACTERISTICS at T A range of -40° C to +85° C for plastic package; 
-55°C to +125°C for ceramic package; Vqd range of 4.5 V to 5.5 V, C L = 15 pF 


CHARACTERISTIC 

SYMBOL 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 




OUTPUT 

Transmitter Coder 






CTX to HDB3 OUT: 






Data Propagation Delay Time * 

tDD 

— 

- 

90 

ns 

Handling Delay Time 

tHD 

— 

4 

- 

clock period 

HDB3 OUT Output Pulse Width * 






(Clock duty cycle = 50%) 






fcL = 2.048 MHz 

tw 

238 

— 

260 

ns 

fcL = 8.448 MHz 

tw 

53 

— 

65 


Receiver Decoder 






CRXto NRZ OUT: 






Data Propagation Delay Times § 

tDD 

- 

- 

90 

ns 

Handling Delay Time# 

tHD 

- 

4 

— 

clock period 

HDB3 INtoCKR 






HDB3 Propagation Delay Time § 






LTE = 0 

t|N CKR 

- 

— 

65 

ns 

LTE = 1 


— 

— 

30 



§ See Fig. 5 * See Fig. 4 § See Fig. 2 


# See Fig. 3 


TRANSCODER OPERATION 
Transmitter Coder (See Fig. 2) 

The HDB3/AMI transmitter coder operates on 4-bit serial 
strings of NRZ binary data and a synchronous transmitter 
clock (CTX). NRZ binary data is serially clocked into the 


transmitter on the negative transition of the (CTX) clock. 
HDB3/AMI coding is performed on the 4-bit string, and 
HDB3/AMI binary output data is clocked out to the (+HDB3 
OUT, -HDB3 OUT) outputs on the positive transition of the 
transmitter clock (CTX) 4 clock pulses after the data 
appeared at the (NRZ-IN) input. 


HANDLING DELAY 

ctx — 1— H— Tl— n — TT—J -- LJ - ”!— LJ” - L_ r^L-TT—J - ~ L_J” "L_ 

NRZ-IN — m 1 I 1 I 


, s' 


n n 

n 

+ HDB3 OUT I ' 

HDB3 J 

CODED | 

n 

n n 


— HDB3 OUT k ~ — 




EXTERNALLY GENERATED 

TERNERY HDB3 1 1 


n n_ 

H_ 


u 

Li i_J 



+ HDB3 OUT 
AMI 
CODED 

"HDB3 OUT 


J1 


n 


n rr 


EXTERNALLY GENERATED 
AMI 

Fig. 2 - Transmitter coder operation timing waveforms - NRZ to HDB3/AMI coding. 


_TL 


"LT 


-h-it 


92CS-33992 
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Receiver Decoder (See Fig. 3) 

The HDB3/AMI receiver decoder operates on 4-bit serial 
strings of binary coded HDB3/AMI signals, and a syn- 
chronous receiver clock (CRX), HDB3/AM! binary data is 
serially clocked into the receiver on the positive transition 


of the (CRX) clock. HDB3/AMI decoding is performed on 
the 4-bit string, and NRZ binary output data is clocked out 
to the (NRZ-OUT) output on the positive transition of the 
receiver clock (CRX) 4 clock pulses after the data appeared 
at the (+ HDB3 IN, -HDB3 IN) inputs. 


HDB3 RECEIVED SIGNAL 


+ HDB3 IN 

EXTERNALLY 

SPLIT 

-HDB3 IN 


CKR 


EXTERNALLY CRX 
GENERATED 


NRZ-OUT 



Fig. 3 - Receiver decoder operation timing waveforms - HDB3 to NRZ decoding. 



92CS- 33993R2 

Fig. 4 - Transmitter coder timing waveforms. 



Fig. 5 - Input requirements and output characteristics. 
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CRX 

NRZ-OUT DATA 

RAIS 


JTJTJTJTJTJTJTJTJTJTJTJXJXnLJTJTJTJT_rL 
— I_l * 0 1 T-L-T 1 2 3 4 ' 


AIS 


J 


1 


92CS- 37736 

Fig. 7 - Receiver alarm-inhibit-signals timing waveforms. 


crx 

f HDB3 IN _TL 
“HDB3 IN TL 


92CS- 33995 

Fig. 8 - Receiver error-signals timing waveforms. 


Definition of HDB3 Code Used In CD22103A HDB3 Transcoder (As Per CCITT G703 Annex 
Recommendations) and Error Detection 


Coding of a binary signal into an HDB3 signal is done 

according to the following rules: 

1. HDB3 signal is pseudoternary; the three states are 
denoted B+, B-, and 0. 

2. Spaces in the binary signal are coded as spaces in the 
HDB3 signal. Forstringsof fourspaces, however, special 
rules apply (See Item 4 below). 

3. Marks in the binary signal are coded alternately as B+ 
and B- in the HDB3 signal (alternate mark inversion). 
Violations of the rule of alternate mark inversion are 
introduced when coding strings of four spaces (See Item 
4 below). 

4. Strings of four spaces in the binary signal are coded 
according to the following rules: 


A) The first space of a string is coded as a space if the 
polarity of the preceding mark oftheHDB3 signal has 
a polarity opposite to the preceding violation and is 
not a violation by itself; it is coded as a mark, i.e., not a 
violation (i.e., B+ or B-), if the preceding mark of the 
HDB3 signal has the same polarity as that of the 
preceding violation or is by itself a violation. 

This rule ensures that successive violations are of 
alternate polarity so that no dc component is 
introduced. 

B) The second and third spaces of a string are always 
coded as spaces. 

C) The last space of a string of four is always coded as a 
mark, the polarity of which is such that it violates the 
rule of alternate mark inversion. Such violations are 
denoted V+ or V- according to their polarity. 
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The CD22103A is designed to code and decode HDB3 
signals which are coded as binary digital signals (NRZ-IN) 
and (+ HDB3 IN, -HDB3 IN), accompanied by sampling 
clocks (CTX) and (CRX). The two binary coded HDB3 
outputs, (+ HDB3 OUT, -HDB3 OUT) may be externally 
mixed to create the ternary HDB3 signals (See Fig. 2). 

The two binary HDB3 input signals have been split from the 
input ternary HDB3 in an external line receiver. 

Error Detection 

Received HDB3/AMI binary input signals are checked for 
coding violations, and an errorsignal (ERR) isgenerated as 
described below. 

HDB3 Signals HDB3/AMI = High 

Theerrorsignal (ERR) isflagged high forone CTX period if 
aviolation pulse (±V) is received of the same polarity as the 
last received violation pulse. 

A violation pulse (±V) is considered a reception error and 
does not cause replacement of the last string of 4 bits to 
zeros, if: 

The received 4 data bits previous to reception of the 
violation pulse have not been the sequence BXOO (where X = 
don’t care). The error signal (ERR) remains low. 


NOTES: 

The data sequences B000V and BBOOV are valid HDB3 
codings of the NRZ binary sequence 10000. 

The errorsignal (ERR) count, is the accurate number of all 
single bit errors. 

AMI Signals HDB3/AMI = Low 

A coding error (ERR) is signaled when a violation pulse (+V) 
is received. 

In either the HDB3 or AMI mode: 

When high levels appear simultaneously on both HDB3 
inputs (+ HDB3 IN, -HDB3 IN) a logical one is assumed in 
the HDB3/AMI input stream and the errorsignal (ERR) goes 
high for the duration of the violation. 

Alarm Inhibit Signal 

The alarm output (AIS) is set high if in two succe ssive 
periods of the external Reset Alarm Signal, (RAIS), less 
than three zeros are received. 

The alarm output (AIS) is reset low when three or more 
zeros are received during two reset alarm signal periods. 



August 1991 


C D22203E 

5V Low-Power DTMF Receiver 


Features 

• Central-Office Quality 

• No Front-End Band Splitting Filters Required 

• Single, Low-Tolerance, 5V Supply 

• Detects Either 12 or 16 Standard DTMF Digits 

• Uses Inexpensive 3.579545MHz Crystal for 
Reference 

• Excellent Speech Immunity 

• Output in Either 4-Bit Hexadecimal Code or Binary 
Coded 2-of-8 

• Synchronous or Handshake Interface 

• Three-State Outputs 

• Excellent Latch-Up Immunity 


Description 

The CD22202E and CD22203E complete dual-tone multi- 
ple frequency (DTMF) receivers detect a selectable group of 
12 or 16 standard digits. No front-end pre-filtering is 
needed. The only externally-required components are an 
inexpensive 3.579545MHz TV "colorburst” crystal (for fre- 
quency reference) and a bias resistor. Extremely high sys- 
tem density is possible through the use of the clock output 
of a crystal-connected CD22202E/CD22203E receiver to 
drive the time bases of additional receivers. This is a mono- 
lithic integrated circuit fabricated with low-power, comple- 
mentary-symmetry CMOS processing. It only requires a 
single low-tolerance power supply and is packaged in a 
standard 18 pin dual-in-line plastic package (E suffix). 

The CD22202E and CD22203E employ state-of-the-art 
circuit technology to combine the digital and analog func- 
tions on the same CMOS chip using a standard digital 
semiconductor process. The analog input is preprocessed 
by 60Hz reject and band-splitting filters and then hard- 
limited to provide AGC. Eight Bandpass filters detect the in- 
dividual tones. The digital post-processor times the tone 
durations and provides the correctly coded digital outputs. 
Outputs interface directly to standard CMOS circuitry and 
are tri-state enabled to facilitate bus-oriented architectures. 


Pinout 

CD22202E, CD22203E 
18 PIN PLASTIC DIP 
TOP VIEW 



D2 

D4 

D8 

CLRDV 

DV 

ATB 

XIN 

XOUT 

Vss 


Functional Diagram 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 
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Specifications CD22202E, CD22203E 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE (Vdd) (Referenced to Vss terminal) +7 V 

OPERATING-TEMPERATURE RANGE (T A ) 0°C to 70° C 

STORAGE-TEMPERATURE RANGE (T„ a ) -65to+150°C 

POWER DISSIPATION (P D ) @ T A = 25° C (Derate above T A = 25° C @ 6.25 mW/°C) 65 mW 

INPUT VOLTAGE RANGE, ALL INPUTS EXCEPT ANALOG IN (Vdd +0.5 V) to -0.5 V 

ANALOG IN VOLTAGE RANGE (V DD +0.5 V) to (Vdd -10 V) 

DC CURRENT INTO ANY INPUT OR OUTPUT ±20 mA 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1 .59 ± 0.79 mm) from case for 1 0 s max +265° C 


Note: Unused inputs must be connected to Vdd or Vss as appropriate. 


ELECTRICAL CHARACTERISTICS (0° C < T A < 70° C, Vdd = 5 V ± 1 0%) 


PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Frequency Detect Bandwidth 


±(1.5+2Hz) 

±2.3 

±3.5 

% of f, 

Amplitude for Detection 

each tone 

-32 


-2 

dBm 

referenced to 600 Q 

Minimum Acceptable Twist 

x . high tone 

twist= a 

low tone 

-10 


+ 10 

dB 

60-Hz Tolerance 




0.8 

V rms 

Dial Tone Tolerance 

“precise” dial tone 



OdB 

dB referenced to 
lower amplitude tone 

Talk Off 

MITEL tape #CM 7290 


2 


hits 

Digital Outputs 
(except XOUT) 

“0” level, 400 fjA load 
"1” level, 200 /jA load 

0 

Vdd - 0.5 


0.5 

Vdd 

V 

Digital Inputs 

“0” level 
“1” level 

0 

0.7 Vdd 


0.3 Vdd 
Vdd 

V 

Power Supply Noise 

wide band 



10 

mV p-p 

Supply Current 

T a = 25° C 


10 

16 

mA 

Noise Tolerance 

MITEL tape 
#CM 7290 



-12 

dB referenced to 
lowest amplitude tone 

Input Impedance 

< 

o 

o 

IV 

< 

z 

IV 

< 

o 

o 

O 

100 kO// 
15pF 

300 kO 





(t)v D D @V SS (7)V SS 


92CM-40594R1 


NOTE: PIN 6: EARLY DETECT OUTPUT ON CD22203 ONLY. 

Fig. 1 - Functional block diagram. 
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CD22202E, CD22203E 


ANALOG IN 


Table I - Output Codes 


The Analog In pin accepts the analog input. It is internally 
biased so that the input signal may be either AC or DC 
coupled, as long as it does not exceed the positive supply 
voltage. Proper input coupling is illustrated below. 


rCD2202E, CD 22203 


VDD 



NOISE FILTER 

( fc * 3,9kHl) Fig . 2 - Analog In. 


The CD22202E and CD22203E is designed to accept 
sinusoidal input waveforms, but will operate satisfactorily 
with any input that has the correct fundamental frequency 
with harmonics that are at least 20 dB below the 
fundamental. 


CRYSTAL OSCILLATOR 

The CD22202E and CD22203E contains an on-board i nverter 
with sufficient gain to provide oscillation when connected 
to a low-cost television “color-burst" (3.579545-MHz) 
crystal. The crystal oscillator is enabled by tying XEN high. 
The crystal is connected between XIN and XOUT. A 1- 
Megohm resistor is also connected between these pins in 
this mode. ATB is a clock-frequency output. Other 
CD22202E and CD22203E devices may use the same 
frequency reference by tying their ATB pins to the ATB 
output of a crystal-connected device. XIN and XEN of the 
auxiliary devices must then be tied high and low, 
respectively. Up to ten devices may be run from a single 
crystal-connected CD22202E and CD22203E as shown 
below. 

3-579545 MHz 


V DD 


CD22202E/22203E 8 


\ XIN CONNECTED TO Vpp 
12 

C D22202E / 22203E 
t»3 8 \ 


UP TO 10 DEVICES 92CS-38957RI 

Fig. 3 - Crystal oscillator. 


HEX/B28 

This pin s elects the format of the digital output code. When 
HEX/B28 is tied high, the output is hexadecimal. When tied 
low, the output is binary coded 2-of-8. The following table 
describes the two output codes. 


Digit 

Hexadecimal 

Binary Coded 2-of-8 

D8 

D4 

D2 

D1 

D8 

D4 

D2 

D1 

1 

0 

0 

0 

1 

0 

0 

0 

0 

2 

0 

0 

1 

0 

0 

0 

0 

1 

3 

0 

0 

1 

1 

0 

0 

1 

0 

4 

0 

1 

0 

0 

0 

1 

0 

0 

5 

0 

1 

0 

1 

0 

1 

0 

1 

6 

0 

1 

1 

0 

0 

1 

1 

0 

7 

0 

1 

1 

1 

1 

0 

0 

0 

8 

1 

0 

0 

0 

1 

0 

0 

1 

9 

1 

0 

0 

1 

1 

0 

1 

0 

0 

1 

0 

1 

0 

1 

1 

0 

1 

* 

1 

0 

1 

1 

1 

1 

0 

0 

# 

1 

1 

0 

0 

1 

1 

1 

0 

A 

1 

1 

0 

1 

0 

0 

1 

1 

B 

1 

1 

1 

0 

0 

1 

1 

1 

C 

1 

1 

1 

1 

1 

0 

1 

1 

D 

0 

0 

0 

o 

1 

1 

1 

1 


ED 

This pin, on the CD22203E only, indicates the presence of 
frequencies which are likely to be DTMF digits, but have not 
yet been verified by a DV signal. It is comparable to a 
"button-down" output, and it is useful as an EARLY DETECT 
signal to interrupt a microprocessor for digit storage and 
validation. 

DV and CLRDV 

DV signalsa detection by going high after a valid tone pair is 
sensed and decoded at the output pins D1, D2, D4, and D8. 
DV remains high until a valid pause occurs or CLRDV is 
raised high, whichever is sooner. This handshake can save 
microprocessor time. 

OUTPUTS D1, D2, D4, D8 and EN 

Outputs D1 , D2, D4, D8 are CMOS push-pull when enabled 
(EN high) and open circuited (high impedance) when 
disabled by pulling EN low. These digital outputs provide 
the code corresponding to the d etected digit in the format 
programmed by the HEX/B28 pin. The digital outputs 
become valid after a tone pair has been detected and they 
are then cleared when a valid pause is timed. 

DTMF DIALING MATRIX 


Col 0 Col 1 Col 2 Col 3 
1209 Hz 1336 Hz 1477 Hz 1633 Hz 


Row 0 
697 Hz 
Row 1 
770 Hz 
Row 2 
852 Hz 
Row 3 
941 Hz 


a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

□ 

a 

a 

a 


Note: 

Column 3 is for special applications and is not normally 
used in telephone dialing. 
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CD22202E CD22203E 


IN1633 

When tied high, this pin inhibits detection of tone pairs 
containing the 1633-Hz component. For detection of all 16 
standard digits, INI 633 must be tied low. 

N/C PIN 

This pin has no internal connection and should be left 
floating. 

DIGITAL INPUTS AND OUTPUTS 

All digital inputs and outputs of the DTMF receivers are 
represented by the schematic below. Only the "analog in” 
pin is different, and is described above. Care must be 
exercised not to exceed the voltage or current ratings on 
these pins as listed in the "maximum ratings” section. 


O — 

DIGITAL 

INPUT 


V 0 D 

9 


CMOS 

DIGITAL 

CIRCUITRY 


DIGITAL 
| OUTPUT 


6 

Vss 


92CS-42795 


Fig. 4 - Digital inputs and outputs. 


INPUT FILTER 

The CD22202E and CD22203E will tolerate total input noise 
of a maximum of 12 dB below the lowest-amplitude tone. 
For most telephone applications, the combination of the 
high-frequency attenuation of the telephone line and 
internal band-limiting make special circuitry at the input to 
these receivers unnecessary. However, noise near the 56 
kHz internal sampling frequency will be aliased (folded 
back) into the audio spectrum, so if excessive noise is 
present above 28 kHz, the simple RC filter shown below may 
be used to band-limit the incoming signal. The cut-off 
frequency is 3.9 kHz. 


NOISY 270 kfl 
SIGNAL > VW- 


0.0013 

A*F 



C022202E 

CD22203E 


92CS- 42796 


Fig. 5 - Filter for use in extreme high frequency input noise 
environment. 


Noise will also be reduced by placing a grounded trace 
around XIN and XOUT pins on the circuit board layout 
when using a crystal. It is important to note that XOUT is not 
intended to drive an additional device. XIN may be driven 
externally; in this case, leave XOUT floating. 


TIMING WAVEFORMS 



* NOTE: EARLY DETECT OUTPUT IS AVAILABLE ONLY ON THE CD22203E. 

92CS-38956RI 


Fig. 6 - Timing waveforms. 


PARAMETER 

SYMBOL 

MIN. 

0. 

>• 

1- 

MAX. 

UNITS 

TONE TIME: 






for detection 

t0N 

40 

— 

— 

ms 

for rejection 
PAUSE TIME: 

toN 


— 

20 

ms 

for detection 

toFF 

40 

— 

— 

ms 

for rejection 

toFF 

— 

— 

20 

ms 

DETECT TIME 

tD 

25 

— 

46 

ms 

RELEASE TIME 
DATA SETUP 

tR 

35 

— 

50 

ms 

TIME 

DATA HOLD 

tsu 

7 

— 

— 

ps 

TIME 

tH 

4.2 

— 

5 

ms 

DV CLEAR TIME 
CLRDV pulse 

tcL 

— 

160 

250 

ns 

width 

tpw 

200 

— 

— 

ns 

ED Detect Time 

tED 

7 

— 

22 

ms 

ED Release Time 

OUTPUT ENABLE 

tER 

2 

— 

18 

ms 

TIME 

Cl=50 pF, 

Rl = 1 kQ 

OUTPUT DIS- 



200 

300 

ns 

ABLE TIME 

C l =35 pF, 

Rl = 500 0 
OUTPUT RISE 



150 

200 

ns 

TIME 

Cl=50 pF 

OUTPUT FALL 



200 

300 

ns 

TIME 

Cl=50 pF 

— 

— 

160 

250 

ns 
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CD22202E, CD22203E 


GUARD TIME 

Whenever the DTMF receiver is continually monitoring a 
voice channel containing distorted or musical voices or 
tones, additional guard time may be added in order to 
prevent false decoding. This may be done in software by 
verifying that both ED and DV are present simultaneously 
for about 55 ms. An appropriate guard time should be 


selected to balance the fastest expected dialing speed 
against the rejection of distorted or musical voices or tones 
(most autodialers operate in the 65 to 75 ms range although 
a few generate 50 ms tones). A hardware guard-time circuit 
isshown below. R3and R4 should keepthe voiceamplitude 
as low as practical, while R2 and R5 adjust detection speed. 


+ 5V 



Fig. 7 - CD22203 DTMF receiver with guard time circuit to 
provide exceptional talk-off performance. 


OPERATING AND HANDLING CONSIDERATIONS 

1. Handling 

All inputs and outputs of RCA CMOS devices have a 
network for electrostatic protection during handling. 
Recommended handling practices for CMOS devices 
are described in ICAN-6525. "Guide to Better Handling 
and Operation of CMOS Integrated Circuits.” 

2. Operating 

Operating Voltage 

During operation near the maximum supply voltage 
limit, care should be taken to avoid or suppress power 
supply turn-on and turn-off transients, power supply 
ripple, or ground noise; any of these conditions must 
not cause V D d — Vss to exceed the absolute maximum 
rating. 


Input Signals 

To prevent damage to the input protection circuit, input 
signals should never be greater than Vdd nor less than 
Vss. Input currents must not exceed 20 mA even when 
the power supply is off. 

Unused Inputs 

A connection must be provided at every input terminal. 
All unused input terminals must be connected to either 
Vdd or Vss, whichever is appropriate. 

Output Short Circuits 

Shorting of outputs to Vdd or V S s may damage CMOS 
devices by exceeding the maximum device dissipation. 
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5V Low-Power Subscriber 
DTMF Receiver 


Features 

• No Front-End Band Splitting Filters Required 

• Single Low-Tolerance 5V Supply 

• Three-State Outputs for Microprocessor-Based 
Systems 

• Detects all 16 Standard DTMF Digits 

• Uses Inexpensive 3.579545MHz Crystal 

• Excellent Speech Immunity 

• Output in 4-Bit Hexadecimal Code 

• Excellent Latch-Up Immunity 


Description 

The CD22204 complete dual-tone multiple-frequency 
(DTMF) receiver detects a selectable group of 1 2 or 1 6 stand- 
ard digits. No front-end pre-filtering is needed. The only 
externally-required components are an inexpensive 
3.579545MHz TV “colorburst” crystal (for frequency refer- 
ence) and a bias resistor. Extremely high system density is 
possible through the use of the Alternate Time Base (ATB) 
output of a crystal-connected CD22204 receiver to drive the 
time bases of up to 1 0 additional receivers. This is a monolith- 
ic integrated circuit fabricated with low-power, complemen- 
tary-symmetry CMOS processing. It only requires a single 
power supply and is packaged in either a 14 pin dual-in-line 
plastic package (E suffix) or a 24 pin plastic SOIC (M suffix). 

The CD22204 employs state-of-the-art “switched -capaci- 
tor” filter technology, resulting in approximately 40 poles of 
filtering and digital circuitry on the same CMOS chip. The 
analog input is preprocessed by 60Hz reject and band- 
splitting filters and then zero-cross detected to provide AGC. 
Eight bandpass filters detect the individual tones. Digital pro- 
cessing is used to measure the tone and pause durations and 
provides the correctly coded and timed digital outputs. The 
outputs interface directly to standard CMOS circuitry and are 
tri -state enabled to facilitate bus-oriented architectures. 


Pinouts 


Functional Diagram 


CD22204E 
14 PIN PLASTIC DIP 
TOP VIEW 



CD22204M 
24 PIN SOIC 
TOP VIEW 




CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1696.1 
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Specifications CD22204 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE (V DD ) (Referenced to V ss terminal) +7 V 

OPERATING-TEMPERATURE RANGE (T A ) 0°C to 70° C 

STORAGE-TEMPERATURE RANGE (Ta, 0 ) -65 to +1 50° C 

POWER DISSIPATION (P D ) @ T A = 25° C (Derate above T A = 25° C @ 6.25 mW/°C) 65 mW 

INPUT VOLTAGE RANGE, ALL INPUTS EXCEPT ANALOG IN (Vdd +0.5 V) to -0.5 V 

ANALOG IN VOLTAGE RANGE (Vdd +0.5 V) to Vdd -10 V 

DC CURRENT INTO ANY INPUT OR OUTPUT ±20 mA 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max +265° C 


Note: Unused inputs must be connected to Vdd or V S s as appropriate 


ELECTRICAL CHARACTERISTICS (0° C < T A < 70° C, V DD = 5 V ± 1 0%) 


PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Frequency Detect 

Bandwidth 


±(1.5 + 2 Hz) 

±2.3 

±3.5 

% Of fo 

Amplitude for Detection 

each tone 

-32 


-2 

dBm 

referenced to 600 Q 

Minimum Acceptable 

Twist 

high tone 

twist = 

low tone 

-8 


+4 

dB 

60-Hz Tolerance 




0.8 

Vrms 

Dial Tone Tolerance 

“precise” dial tone 



OdB 

dB referenced to 

lower amplitude tone 

Talk Off 

MITEL tape 

#CM 7290 


2 


hits 

Digital Outputs 

(except XOUT) 

“0” level 400 iiA load 

“1” level, 200 fjA load 

0 

Vdd -0.5 


0.5 

Vdd 

Volts 

Volts 

Digital Inputs 

"0” level 

"1” level 

0 

0.7 Vdd 


0.3 Vdd 

Vdd 

Volts 

Volts 

Power Supply Noise 

wide band 



10 

mV p-p 

Supply Current 

T a = 25° C 


10 

20 

mA 

Noise Tolerance 

MITEL tape 

#CM 7290 



-12 

dB referenced to 

lowest amplitude tone 

Input Impedance 

Vdd — Vin — Vdd -1 0 

100 kQ//15pF 

300 kO 
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ANALOG IN 

The Analog In pin accepts the analog input. It is internally 
biased so that the input signal may be either AC or DC 
coupled, as long as it does not exceed the positive supply 
voltage. Proper input coupling is illustrated below. 

r~ 'D22204E ~ ” 



(fc * 3-9kHz) 

Fig. 2 - Analog In. 

The CD22204E is designed to accept sinusoidal input 
waveforms, but will operate satisfactorily with any input 
that has the correct fundamental frequency with harmonics 
that are at least 20 dB below the fundamental. 

CRYSTAL OSCILLATOR 

TheCD22204 contains an on-board inverter with sufficient 
gain to provide oscillation when connected to a low-cost 
television “color-burst” (3.579545-MHz) crystal. The crystal 
oscillator is enabled by tying XEN high. The crystal is 
connected between XIN and XOUT. A 1 -Megohm resistor is 
also connected between these pins in this mode. ATB is a 
clock-frequency output. Other CD22204 devices may use 
the same frequency reference by tying their ATB pins to the 
ATB output of a crystal-connected device. XIN and XEN of 
the auxiliary devices must then be tied high and low, 
respectively. Up to ten devices may be run from a single 
crystal-connected CD22204 as shown below. 


3.579545MHz 



UP TO 10 DEVICES 

92CS- 39005RI 


Fig. 3 - Crystal oscillator. 


OUTPUTS D1, D2, D4, D8 and EN 

Outputs D1 , D2, D4, D8 are CMOS push-pull when enabled 
(EN high) and open circuited (high impedance) when 
disabled by pulling EN low. These digital outputs provide 
the hexadecimal code corresponding to the detected digit. 
The digital outputs become valid after a tone pair has been 
detected and they are then cleared when a valid pause is 
timed. The table below describes the hexadecimal codes. 


OUTPUT CODE 


Digit 

D8 

D4 

D2 

D1 

1 

0 

0 

0 

1 

2 

0 

0 

1 

0 

3 

0 

0 

1 

1 

4 

0 

1 

0 

0 

5 

0 

1 

0 

1 

6 

0 

1 

1 

0 

7 

0 

1 

1 

1 

8 

1 

0 

0 

0 

9 

1 

0 

0 

1 

0 

1 

0 

1 

0 

* 

1 

0 

1 

1 

# 

1 

1 

0 

0 

A 

1 

1 

0 

1 

B 

1 

1 

1 

0 

C 

1 

1 

1 

1 

D 

0 

0 

0 

0 


DV 

DV signals a detection by going high after a valid tone pair is 
sensed and decoded at the output pins D1, D2, D4, D8. DV 
remains high until a valid pause occurs. 

N/C PIN 

This pin has no internal connection and should be left 
floating. 

DTMF DIALING MATRIX 


Col 0 Col 1 Col 2 Col 3 
1209 Hz 1336 Hz 1477 Hz 1633 Hz 


Row 0 
697 Hz 
Row 1 
770 Hz 
Row 2 
852 Hz 
Row 3 
941 Hz 


m 

m 

m 

0 

m 

m 

m 

EE 

m 

m 

m 

0 

□ 

0 

m 

0 


Note: 

Column 3 is for special applications and is not normally 
used in telephone dialing. 
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DIGITAL INPUTS AND OUTPUTS 

All digital inputs and outputs of the DTMF receiver are 
represented by the schematic below. Only the “analog in” 
pin is different, and is described above. Care must be 
exercised not to exceed the voltage or current ratings on 
these pins as listed in the "maximum ratings” section. 

VDD 



Fig. 4 - Digital inputs and outputs. 


TIMING WAVEFORMS 



92CS-38956RI 

Fig. 6 - Timing waveforms. 


INPUT FILTER 

The CD22204 will tolerate total input noise of a maximum 
of 12 dB below the lowest-amplitude tone. For most 
telephone applications, the combination of the 
high-frequency attenuation of the telephone line and 
internal band-limiting make special circuitry at the input to 
these receivers unnecessary. However, noise near the 56 
kHz internal sampling frequency will be aliased (folded 
back) into the audio spectrum, so if excessive noise is 
present above 28 kHz, the simple RC filter shown below may 
be used to band-limit the incoming signal. The cut-off 
frequency is 3.9 kHz. 


NOISY 270 kH 

SIGNAL > VW- 


0.0015 

MF 


ANALOG 

IN 

^ 33 k A 


CD22204 


92CS- 42800 


Fig. 5 - Filter for use in extreme high frequency input 
noise environment. 

Noise will also be reduced by placing a grounded trace 
around XIN and XOUT pins on the circuit board layout 
when using a crystal. It is important to note that XOUT is not 
intended to drive an additional device. XIN may be driven 
externally; in this case, leave XOUT floating. 


PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNITS 

Tone Time: 






for detection 

t0N 

40 

— 

— 

ms 

for rejection 
Pause Time: 

toN 

— 

— 

20 

ms 

for detection 

toFF 

40 

— 

— 

ms 

for rejection 

t0FF 

— 

— 

20 

ms 

Detect Time 

tD 

25 

— 

46 

ms 

Release Time 

tR 

35 

— 

50 

ms 

Data Setup Time 

tsu 

7 

— 

— 

JJS 

Data Hold Time 

t H 

4.2 

— 

5.0 

ms 

DV Clear Time 
CLRDV pulse 

tcL 

— 

160 

250 

ns 

width 

tpw 

200 

— 

— 

ns 

ED Detect Time 
ED Release 

tED 

7 

— 

22 

ms 

Time 

Output Enable 

tER 

2 

— 

18 

ms 

Time Cl=50pF 
R l -1 KQ 

— 

— 

200 

300 

ns 

Output Disable 






Time C L =35pF 
Rl-5000 

— 

— 

150 

200 

ns 

Output Rise 

Time C L =50pF 
Output Fall Time 

- 

- 

200 

300 

ns 

C L =50pF 

— 

— 

160 

250 

ns 
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CD22301 



August 1 991 


Telecommunications ICs 


.5.1V 


Features 

• Automatic Line Buildout 

• Supply Voltage 

• Buffered Output 


Applications 

• Bipolar Carrier System T1 1.544Mbits/s 

• Ternary Carrier System T1 48 2.37Mbits/s 

Description 

The CD22301 monolithic PCM repeater circuit is designed 
for T1 carrier systems operating with a bipolar pulse train 
of1.544Mbits/s. It can also be used in the T148 carrier sys- 
tem operating with a ternary pulse train of 2.37Mbits/s. The 
circuit operates from a 5.1V ±5% externally regulated supply. 

The CD22301 provides active circuitry to perform all func- 
tions of signal equalization and amplification, automatic line 
buildout (ALBO), threshold detection, clock extraction, pulse 
timing and buffered output formation. 

The CD22301 is supplied in an 18 lead dual-in-line plastic 
package (E suffix). 


Pinout 


CD22301E 
18 PIN PLASTIC DIP 
TOP VIEW 


ALBO GROUND [T 
ALBO 1 OUTPUT [T 
ALBO 2 OUTPUT [T 
ALBO 3 OUTPUT [T 
PREAMP INPUT + Q[ 
PREAMP INPUT - [t[ 
PREAMP OUTPUT + [7 
PREAMP OUTPUT - [7 

v E E E 



ii] SUBSTRATE 
Tt] ALBO BIAS 
16] OSC BIAS 
I?] LC TANK INPUT 

HKc 

is] CLOCK UMdEH OUTPUT 
L2| TIMING PULSE INPUT 
T7] OUTPUT PULSE 1 
To] OUTPUT PULSE 2 


Typical 1.544MHz T1 Repeater System 


600- 800pF 

I 


ALBO I SUBSTRATE JL ALBO. 
6ND (?) (18) BIAS( 



, T BIAS I 



92CL-39I83RI -±- 


(|)V EE <->V C C 


FIGURE 1. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1368.1 
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MAXIMUM RATINGS, Absolute Maximum Values: 

At ambient temperature (I A ) = 25° C 

DC SUPPLY 

DC CURRENT (Into Pin 9 or 10) 

PEAK CURRENT (Into Pin 9 or 10) 

INPUT SURGE VOLTAGE (Between Pins 5 and 6, t = 10 ms) 

OUTPUT SURGE VOLTAGE (Between Pins 10 and 11, t = 1 ms) 

POWER DISSIPATION PER PACKAGE (P D ) 

For T a = -40 to +60° C 

For T a = +60° C to +85° C 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

ForT A = Full Package-Temperature Range 

OPERATING TEMPERATURE RANGE (T a ) 

STORAGE TEMPERATURE (T at0 ) 

LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max 


10V 

25 mA 

100 mA 

50 V 

50 V 

500 mW 

Derate linearly at 12 mW/°C to 200 mW 

100 mW 

-40 to +85°C 

-65 to +150° C 

+265° C 


ALBO GND ALBO BIAS 



Fig. 2 - ALBO output circuit. 



FROM CLOCK 
THRESHOLD DETECTOR 

9 2 CS- 39 I 78 



+ V CC 



Fig. 3 - Clock interface circuit. 


Fig. 4 - Phase-shift interface circuits. 
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Specifications CD22301 


STATIC ELECTRICAL CHARACTERISTICS 
T a = 25° C, Vcc = 5.1 V ± 5% (See Fig. 5) 


CHARACTERISTIC 

LIMITS 

UNITS 

Min. 

Typ. 

Max. 

DC VOLTAGES 





Pins 2, 3, 4 and 17 

- 

0 

0.1 

V 

Pins 5, 6, 7 and 8 

2.4 

2.9 

3.4 

V 

Pins 10 and 11 

- 

5.1 

- 

V 

Pins 12, 13, 15 and 16 

3.1 

3.6 

4.1 

V 

DC CURRENTS 





Pin 14 

- 

22 

30 

mA 

Pins 10 and 11 

— 

0 

100 

pA 



* C, AND L, RESONATE AT 1.272 MHz 92CS-34932 


Fig. 5 - DC and output pulse test circuit 




Fig. 6 - Test circuit for impedance measurement. 


Fig. 7 - Test circuit for threshold voltage measurement. 






Specifications CD22301 


DYNAMIC ELECTRICAL CHARACTERISTICS 

Ta = 25°C, Vcc = 5.1 V ± 5% 


CHARACTERISTIC 



LIMITS 

UNITS 

FIG. 

NOTE 

MIN. 

TYP. 

MAX. 

Preamplifier Input Imedance 

Z, n 

8 


20 

— 

— 

kQ 

Preamplifier Output Impedance 

Zout 

8 


— 

— 

2 

kO 

Preamplifier Gain @ 2.37 MHz 

A 0 

8 


47 

50 

— 

dB 

Preamplifier Output Offset Voltage 

AVout 

8 

1 

-50 

0 

50 

mV 

Clock Limiter Input Impedance 

Zin(CL) 

6 

2 

10 

- 

— 

kO 

ALBO Off Impedance 

ZALBo(off) 

6 

3 

20 

— 

— 

kQ 

ALBO On Impedance 

ZALBo(On) 

6 

4 

— 

— 

10 

Q 

DATA Threshold Voltage 

Vth(D) 

7 

5,8 

0.62 

0.7 

0.78 

V 

CLOCK Threshold Voltage 

Vth(CL) 

7 

6,8 

0.92 

1.1 

1.28 

V 

ALBO Threshold 

Vth(AL) 

7 

7,8 

1.4 

1.5 

1.6 

V 

Vth(D) as % of Vth(AL) 



44 

47 

49 

% 

Vth(CL) as % of Vth(AL) 



66 

73 

80 

% 

Buffer Gate Voltage (low) 

VoL 

5 

9 

0.65 

0.8 

0.95 

V 

Differential Buffer Gate Voltage 

AVol 

5 

9 

-0.15 

0 

0.15 

V 

Output Pulse Rise Time 

tr 

5,9 

9, 10 

— 

— 

40 

ns 

Output Pulse Fall Time 

tf 

5,9 

9, 10 

— 

— 

40 

ns 

Output Pulse Width 

tw 

5,9 

9, 10 

290 

324 

340 

ns 

Pulse Width Differential 

Atw 

5, 9 

9, 10 

-10 

0 

10 

ns 

Clock Drive Current 

ICL 



— 

2 


mA 


Notes: 

1. No signal input. Measure voltage between pins 7 and 

8. 

2. Measure clock limiter input impedance at pin 15. 

3. Adjust potentiometer for 0 volts. Measure ALBO off 
impedances from pins 2, 3 and 4 to pin 1. 

4. Increase potentiometer until voltage at pin 17 = 2 Vdc. 
Measure ALBO on impedances from pins 2, 3 and 4 to 
pin 1. 

5. Adjust potentiometer for AV = 0 volts. Then slowly 
increase AV in the positive direction until pulses are 
observed at the DATA terminal. 


6. Continue increasing AV until the DC level at the clock 
terminal drops to 4 volts. 

7. Continue increasing AV until the ALBO terminal rises 
to 1 volt. 

8. Turn potentiometer in the opposite direction and 
measure negative threshold voltages by repeating 
tests outlined in notes 5, 6 and 7. 

9. Set e in = 2.75 mV(rms) at f « 1.185 MHz. Adjust 
frequency until maximum amplitude is obtained at pin 
15. Observe output pulses at pins 10 and 11. 

10. Adjust input signal amplitude until pulses just appear 
in outputs. Increase input amplitude by three dB. 
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December 1990 


C D22354A 
CD22357A 

CMOS Single-Chip, 
Full-Feature PCM CODEC 


Features 

• Meets or Exceeds All AT&T D3/D4 Specifications and 
CCITT Recommendations 

• Complete CODEC and Filtering Systems: No 
External Components for Sample-and-Hold and 
Auto-Zero Functions. Receive Output Filter with 
SIN X/X Correction and Additional 8kHz Suppression 

• Variable Data Clocks - From 64kHz 2.1 MHz 

• Receiver Includes Power-Up Click Filter 

• TTL or CMOS-Compatible Logic 

o ESD Protection on All Inputs and Outputs 

Applications 

• PABX 

• Central Office Switching Systems 

• Accurate A/D and D/A Conversions 

• Digital Telephones 

• Cellular Telephone Switching Systems 

• Voice Scramblers - Descramblers 

• T1 Conference Bridges 

• Voice Storage and Retrieval Systems 

• Sound Based Security Systems 

• Computerized Voice Analysis 

• Mobile, Radio Telephone Systems 

• Microwave Telephone Networks 

• Fiber-Optic Telephone Networks 



Description 

The CD22354A and CD22357A are monolithic silicongate, 
double-poly CMOS integrated circuits containing the 
band-limiting filters and the companding A/D and D/A 
conversion circuits that conform to the AT&T D3/D4 
specifications and CCITT recommendations. The 
CD22354A provides the AT&T ji-law and the CD22357A 
provides the CCITT A-law companding characteristic. 

The primary applications for the CD22354A and 
CD22357A are in telephone systems. These circuits 
perform the analog and digital conversions between the 
subscriber loop and the PCM highway in a digital switching 
system. The functional block diagram is shown below. 

With the flexible features, including synchronous and 
asynchronous operations and variable data rates, the 
CD22354A and CD22357A are ideally suited for PABX, 
central office switching system, digital telephones as well 
as other applications that require accurate A/D and D/A 
conversions and minimal conversion time. 

The CD22354A and CD22357A are supplied in 16-lead 
dual-in-line plastic packages (E suffix). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 990 


File Number 1682.1 
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Specifications CD22354A/CD2235 7 A 


Absolute Maximum Ratings 

DC Supply-Voltage, (V+) -0.5 to +7V 

DC Supply-Voltage, (V“) +0.5 to -7V 

DC Input Diode Current, 

l|K (V| < V~ -0.5V or V| > V+ +0.5V) ±20m A 

DC Output Diode Current, 

*OK ( v l < V- -0.5V or V 0 > V+ +0.5V) ±20mA 

DC Drain Current, Per Output 

Iq (V- -0.5 V < V Q < V+ +0.5V) ±25mA 

DC Supply/Ground Current ±50mA 

Power Dissipation Per Package (Pd): 

ForT A = -40°C to +60°C 500 mW 

For T a = +60°C to +85°C Derate Linearly @ 8mW/°C 

to 300mW 


Operating-Temperature Range (Ta) -40°C to +80°C 

Storage Temperature Ostg) -65°C to +1 50°C 

Lead Temperature (During Soldering): 

At Distance 1/1 6± 1/32 in. (1.59 ± 0.79mm) 

from Case for 10s Max +265°C 

Unit Insert into a PC Board (Min. Thickness 1/16 in. 1.59mm) 
with Solder Contacting Lead Tips Only +300°C 


Pin Function and Description 


PIN NO. 

SYMBOL 

DESCRIPTION 

1 

V- 

Negative power supply, V" = -5V ± 5% 

2 

GND 

Analog and digital ground. All signals referenced to this pin. 

3 

VFrO 

Analog output of RECEIVE FILTER 

4 

v+ 

Positive power supply, V+ = +5V ± 5% 

m 

FSr 

Receive Frame Sync Pulse which enables BCLKr to shift PCM data into Dr. 

FSr is an 8kHz PULSE TRAIN. 

6 

d R 

Receive Data Input. PCM data is shifted into Dr following the FSr leading edge. 

■ 

BCLKr/CLKSEL 

The Bit Clock, which shifts data into Dr after the Frame sync leading edge, may vary from 
64kHz to 2.048MHz. Alternatively, the leading edge may be a logic input which selects 
either 1.536MHz or 1.544MHz or 2.048MHz for Master Clock in synchronous mode and BCLKx is 
used for both transmit and receive directions. 

■ 

MCLKr/PDN 

Receive Master Clock. Must be 1.536MHz or 1.544MHz or 2.048MHz. May be asynchronous with 
MCLKx but should be synchronous with MCLKx for best performance. When this pin is continuously 
connected low, MCLKx is selected for all internal timing. When this pin is continuously connected high, 
the device is power down. 

H 

MCLK X 

Transmit Master Clock. Must be 1.536MHz or 1.544MHz or 2.048MHz. May be asynchronous 
with MCLKr. 

10 

BCLK X 

The Bit Clock which shifts out the PCM Data on Dx- May vary from 64kHz to 2.048MHz but must be 
synchronous with MCLKx- 

11 

D X 

The TRI-STATE PCM Data Output which is enabled by FSx. 

12 

FS X 

Transmit Frame Sync Pulse input which enables BCLKx to shift out the data on Dx- FSx is an 8kHz 
PULSE TRAIN. 

13 

TSX 

Open drain output which pulses low during the encoder time slot. 

14 

GS X 

Transmit gain adjust 

KB 

VF X I- 

Inverting input of the transmit input amplifier 

ma 

VF X I+ 

Non-inverting input of the transmit input amplifier 
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CD22354A/CD2235 7 A 


Functional Description 

Power-Up 

When power is first applied, the Power-On reset circuitry 
initializes the CODEC and places it in a Power-Down mode. 
When the CODEC returns to an active state from the 
Power-Down mode, the receive output is muted briefly to 
minimize turn-on “click”. 

To power up the device, there are two modes available. 

1. A logical zero at pin 8 will power up the device, provided 
FSx or FSr pulses are present. 

2. Alternatively, a clock (MCLKr) must be applied to pin 8 
and FSx ° r FSr pulses must be present. 

Power-Down 

Two power-down modes are available. 

1. A logical 1 at pin 8, after approximately 0.5ms, will power 
down the device. 

2. Alternatively, hold both FSx snd FSr continuously low, 
the device will power down approximately 0.5ms after the 
last FSx or FSr pulse. 

Synchronous Operation 

The same master clock and bit-clock should be used for the 
receive and transmit sections. MCLKx (pin 9) is used to 
provide the master clock for the transmit section. The 
receive section will use the same master clock if the 
MCLKr/PDN (pin 8) is grounded (synchronous operation), 
or at V+ (power-down mode). Pin 8 may be clocked only if a 
clock is provided at Pin 7 as in asynchronous operation. 
The BCLKx (pin 1 0) is used to provide the bit clock to the 
transmit section. In synchronous operation, this bit clock is 
used for the receive section if MCLKr/PDN (pin 8) is 
grounded. BCLKr/CLKSEL (pin 7) is then used to select the 
proper internal frequency division for 1.544MHz, 1.536MHz 
or 2.048MHz operation. See Table below for 1.544MHz 
operation. The device automatically compensates for the 
193rd clock pulse each frame. 

Each FSx pulse begins the encoding cycle and the PCM 
data from the previous encode cycle is shifted out of the 
enabled Dx output on the leading edge of the BCLKx- After 
8 bit-clock periods, the tristate Dx output is returned to a 
high impedance state. With a FSr pulse PCM data is latched 
via the Dr input onthe negative edge of the BCLKx- 
FSx an d FSr must be synchronous with MCLKx- For 
1.544MHz operation, the device automatically 
compensates for 193rd clock pulse each frame. 


CLOCKING OPTIONS 


BCLKr/CLKSEL 

MASTER CLOCK 

FREQUENCY SELECTED 

CD22354A 

CD22357A 

Clocked 

1.536MHz or 
1.544MHz 

2.048MHz 

0 

2.048MHz 

1.536MHz or 
1.544MHz 

1 (or open circuit) 

1.536MHz or 
1.544MHz 

2.048MHz 


Asynchronous Operation 

For asynchronous operation separate transmit and receive 
clocks may be applied. 


For CD22357A, the MCLKx and MCLKr must be 2.048MHz 
and for CD22354A must be 1.536MHz or 1.544MHz. These 
clocks may not be synchronous. However, for best transmis- 
sion performance it is recommended that MCLKx and 
MCLKr should be synchronous. 

For 1.544MHz operation the device automatically 
compensates for the 193rd clock pulse each frame. FSx 
must be synchronous with MCLKx and BCLKx- FSr must 
be synchronous with BCLKr. BCLKr must be clocked if 
MCLKr is to be clocked. 

Short-Frame Sync Mode 

When the power is first applied, the power initialization 
circuitry places the CODEC in a short-frame sync mode. In 
this mode both frame sync pulses must be 1 bit-clock period 
long, with timing relationship shown in Figure 1. 

With FSx high during falling edge of the BCLKx, the next 
rising edge of BCLKx enables the Dx tristate output buffer, 
which will output the sign bit. The following rising seven 
edges clock out the remaining seven bits, and the next 
falling edge disables the Dx output. 

With FSr high during the falling edge of the BCLKr (BCLKx 
in synchronous mode), the next falling edge latches in the 
sign bit. The following seven edges latch in the seven 
remaining bits. 

Long-Frame Sync Mode 

In this mode of operation, both the frame sync pulses must 
be three or more bit-clock periods long with timing 
relationship shown in Figure 2. 

Based on the transmit frame sync FSx, the CODEC will 
sense whether short-or long-frame sync pulses are being 
used. 

For 64kHz operation the frame sync pulse must be kept low 
for a minimum of 160ns. 

The Dx tristate output buffer is enabled with the rising edge 
of FSx ° r the rising edge of the BCLKx, whichever comes 
later and the first bit clocked out is the sign bit. The following 
seven rising edges of the BCLKx clock out the remaining 
seven bits. The Dx output is disabled by the next falling edge 
of the BCLKx following the 8th rising edge or by FSr going 
low whichever comes later. 

A rising edge on the receive frame sync, FSr, will cause the 
PCM data at Dr to be latched in on the next falling edge of 
the BCLKr. The remaining seven bits are latched on the 
successive seven falling edges of the bit-clock (BCLKx in 
synchronous mode). 

Transmit Section 

The transmit section consists of a gain-adjustable input 
op-amp, an anti-aliasing filter, a low-pass filter, a high-pass 
filter and a compressing A/D converter. The input op-amp 
drives a RC active anti-aliasing filter. This filter eliminates the 
need for any off-chip filtering as it provides 30-dB 
attenuation (minimum) at the sampling frequency. From this 
filter the signal enters a 5th order low-pass filter clocked at 
1 28kHz, followed by a 3rd order high-pass filter clock at 
32kHz. The output of the high-pass filter directly drives the 
encoder capacitor ladder at an 8kHz sampling rate. A 
precision voltage reference is trimmed in manufacturing to 
provide an input overload of nominally 2.5-V peak. Transmit 
frame sync pulse FSx controls the process. The 8-bit PCM 
data is clocked out at Dx by the BCLKx- 
BCLKx can be varied from 64kHz to 2.1MHz. 
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Receive Section 

The receive section consists of an expanding D/A converter 
and a low-pass filter which fulfills both the AT&T D3/D4 
specifications and CCITT recommendations. PCM data 
enters the receive section at Dr upon the occurrence of 
FSr, Receive Frame sync pulse. BCLKr, Receive Data 
Clock, shich can range from 64kHz to 2.1MHz, clocks the 
8-bit PCM data into the receive data register. A D/A 
conversion is performed on the 8-bit PCM data and the 


corresponding analog signal is held on the D/A capacitor 
ladder. This signal is transferred to a switched capacitor 
low-pass filter clock at 128kHz to smooth the sample-and 
hold signal as well as to compensate for the SIN X/X 
distortion. 

The filter is then followed by a second order Sallen and Key 
active filter capable of driving a 600-H load to a level 7.2 
dBm. 



FIGURE 1. SHORT FRAME-SYNC TIMING 
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Specifications CD22354A/CD22357A 


Static Electrical Characteristics At Ta = 250c 





LIMITS 


CHARACTERISTIC 


TEST CONDITIONS 

MIN. 

TYP 

MAX. 

UNITS 

Positive Power Supply 

V+ 


4.75 

5 

5.25 

V 

Negative Power Supply 

V- 


-4.75 

-5 

-5.25 

V 

Power Dissipation (Operating) 

p OPR 

V+ = 5V 

- 

75 

90 

mW 

Power Dissipation (Standby) 

P STBY 

? 

II 

i 

s 

- 

9 

15 

mW 


Static Electrical Characteristics At Ta = o°c to 70 °C; v+ = 5 V, v- = -sv ±5% 





LIMITS 


CHARACTERISTIC 



MIN. 

TYP. 

MAX. 

UNITS 

Analog Input Resistance 

r INA 


10 

- 

- 

Mfl 

Input Capacitance 

C|N 

All Logic and Analog Inputs 

- 

5 

- 

PF 

Input Leakage Current, Digital 

'I 

V| = 0VorV+ 

-10 

- 

10 

M A 

Low Level Input Voltage 

V| L 

l|L= ±10jdAmax. 

- 

- 

0.8 

V 

High Level Input Voltage 

V|H 

I|H = ±10|iAmax. 

2 

- 

- 

V 

Low Level Output Voltage 

v OL 

IOL = 3.2mA 

- 

- 

0.4 

V 

High Level Output Voltage 

v OH 

'OH = 1 -OmA 

2.4 

- 

- 

V 

Open State Output Current 

>OZ 

GND<Dx<V+ 

-10 

- 

10 

HA 

Input Leakage Current, Analog 

l| 

-2.5V <Vp X 1 < 2.5V 

-200 

- 

200 

nA 


Transmit and Receive Filter Transfer Characteristics 

V+ = 5 V ±5%, V- = -5V ± 5%, BCLKx = MCLKr = 1.544MHz, V| N = OdBmO, T A = CPC to 70<>C 


CHARACTERISTIC 


TEST CONDITIONS 


LIMITS 


MIN. 


TYP. 


MAX. 


UNITS 


Transmit Gain 

(Relative to Gain at 1 020Hz) 
Input Amplifier Set to Unit Gain 


Grx 


16Hz 


50Hz 


200Hz 


300 to 3000Hz 


3300Hz 


3400Hz 


-0.7 


4000Hz 


4600Hz and up, 
Measure 0-4kHz 


-40 


-26 


- 0.1 


0.05 


-32 


dB 


dB 


dB 


dB 


dB 


dB 


Receive Gain 

(Relative to Gain at 1020Hz) 
(Includes sin X/X Compensation) 


Grr 


OHzto 3000Hz 


3300Hz 


-0.35 


3400Hz 


-0.7 


dB 


dB 


dB 


























































































































Specifications CD22354A/CD22357A 


A.C. Characteristics 

Unless otherwise specified, the following conditions apply: 

V+ = 5V dc ±5%, V- = -5 V dc ±5% 

GND A , GND D = 0 V, Fpx = 1020Hz at OdBmO 

Transmit input amplifier operating in a unity gain configuration 

Temperature 0°Cto70°C 

Receive output is measured single-ended. All output levels are 
SIN X/X corrected. 

Encoding Format at Dx Output 


Definition 

AMPLITUDE RESPONSE 
Absolute Levels Definition: 
Vref = -2.5 V dc 
Nominal 0 dBmO level ... 


4dBm into 600G 
1 .2276V (rms) 


Maximum Overload Level: 

Voltage reference (Vrff) of “2.5V . 


. . 2.5V n~Law 
2.49V A-Law 



CD22354A 

ji-LAW 

CD22357A 

A-LAW 

(INCLUDES EVEN BIT INVERSION) 

V|n (at GSx) = +Full-Scale 

1 

0 

0 

0 

0 

0 

0 

0 


0 

i 

0 

i 

0 

i 

0 

V,N (atGS X ) = OV 

1 

II 

n 

n 

n 

II 

II 

B 

B 

B 

0 

B 

0 

B 

0 

B 


0 

u 

B 

n 

n 

n 

n 

B 

B 

B 

0 

B 

0 

B 

0 

SS 

V| N (at GSx) = -Full-Scale 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

1 

0 


Distortion Characteristics 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

Signal to Total Distortion STDx, STDr 

Xmit or Rqv 

Level +3dBmO 

33 

- 

- 

dBC 

0to-30dBmO 

36 

- 

- 

dBC 

-40dBmO 

30 

- 

- 

dBC 

-55dBmO, XMT 

14 

- 

- 

dBC 

-55dBmO, Rqv 

15 

- 

- 

dBC 

Single Frequency Distortion SFDx, SFDr 

Xmit or Rqv 


- 

“ 

-46 

dBC 

Intermodulation (End-to-End IMD 

Measurement) 2-Tone 

V FX = -4dBmO to -21 dBmO 
f-|,f 2 from 300 to 3400Hz 

- 

- 

-41 

dB 

Transmit Absolute Delay fDAX 

f= 1600Hz 

- 

280 

315 

MS 

Transmit Envelope Delay fDEX 

Relative to Dax 

f = 500-600Hz 

- 

170 

220 

MS 

f = 600-1 000Hz 

- 

70 

145 

MS 

f= 1000-2600HZ 

- 

40 

75 

MS | 

f = 2600-2800Hz 

- 

90 

105 

MS 

Receive Absolute Delay f DAR 

f= 1600Hz 

- 

180 

200 

MS 

Receive Envelope Delay tpER 

Relative to D A r 

f=500-600Hz 

-40 

-25 

- 

MS 

f = 600-1 000Hz 

-40 

-25 

- 

MS 

f = 1000-2600HZ 

- 

60 

90 

MS 

f = 2600-2800Hz 

- 

110 

125 

MS 

























































































Specifications CD22354A/CD22357A 


Gain Tracking 


CHARACTERISTIC 


Transmit Gain Tracking Error GTX 


Receive Gain Tracking Error GTR 


Transmit Input Amplifier Gain, 
Open Loop 


Transmit Input Amplifier Gain, 
Unity 


Transmit Gain, Absolute 


Receive Gain, Absolute 


TEST CONDITIONS 


+3 to -40dBmO 


-40to-50dBmO 


-50 to -55dBmO 


+3 to -40dBmO 


-40 to-50dBmO 


-50 to-55dBmO 


R L >1MnatGSX 


Unity Gain Configuration 
Inverting or Non-Inverting 
R L >10 K,Cl<50pF 


Rl> 10K,Cl<50pF 


Rl_> 600ft, Cl < 500pF 



Noise Characteristics 


CHARACTERISTIC 


V+ Power Supply Rejection 
Transmit 


V- Power Supply Rejection 
Transmit 


V+ Power Supply Rejection 
Receive 


V- Power Supply Rejection 
Receive 


Cross Talk Transmit to Receive 


Cross Talk Receive to Transmit 


TEST CONDITIONS 


VF X r =GND 
VF X I+ =GND 


PCM Code Equivalent 


VF X I+ =0V 

V+ = 5V + (100mVRMS) 
f = Oto 50kHz 


VF X I" =0V 

V" = -5V + (1 OOmV RMS) 
f = 0to 50kHz 


PCM Code = All 1 Code 
V+ = 5V + (1 OOmV RMS) 
f = Oto 4kHz 


PCM Code = All 1 Code 
V" = -5V + (1 OOmV RMS) 
f = Oto 4kHz 


= 25 to 50kHz 


VF X I“ = OdBmO @ 1020Hz 


Dr = OdBmO @ 1 020Hz, 
VF X I~ = OV 
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Specifications CD22354A/CD22357A 


Timing Specifications 


CHARACTERISTIC 


Frequency of Master Clocks 


Width of Master Clock High 
Width of Master Clock Low 


Rise Time of Master Clock 


Fall Time of Master Clock 


Set-up Time from BCLKx High 
(and FSx in Long Frame Sync 
Mode) to MCLKx Falling Edge 


Period of Bit Clock 


Width of Bit Clock High 


Width of Bit Clock Low 


Rise Time of Bit Clock 


Fall Time of Bit Clock 


Holding Time from Bit Clock 
Low to Frame Sync 


Holding Time from Bit Clock 
High to Frame Sync 


Set-up Time from Frame Sync 
to Bit Clock Low 


Delay Time from BCLKx High 
to Data Valid 


Delay Time to TSx Low 


Delay Time from BCLKx Low to 
Data Output Disabled 


Delay Time to Valid Data from 
FSx or BCLKx, Whichever 
Comes Later 


Set-up Time from Dr Valid to 
BCLKr/x Low 


Hold Time from BCLKr/x Low to 
Dr Invalid 


Set-up Time from FSx/r to 
BCLKx/r Low 


Hold Time from BCLKx/r Low 
to FSx/r Low 


Hold Time from 3rd Period of 
Bit Clock Low to Frame Sync 
(FS X or FSr) 


Minimum Width of the Frame 
Sync Pulse (Low Level) 


TEST CONDITIONS 


Depends on the Device Used 
and the BCLKr/CLKSEL Pin 
MCLK X and MCLKr 


MCLK X and MCLKr 


MCLKx and MCLKr 


MCLK X and MCLKr 



tRF Short Frame Sync Pulse (1 or 2 100 

Bit Clock Periods Long) (Note 1) 


tHBFI Long Frame Sync Pulse (from 3 100 

to 8 Bit Clock Periods Long) 


tWFL 64K Bits Operating Mode 1 60 


NOTE: 1. For short frame sync timing, FSx and FSr must go high while their respective bit clocks are high. 
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IT! HARRIS 


CD22M3493 


August 1991 


12 x 8 x 1 BiMOS-E 
Crosspoint Switch 


Features 

• 96 Analog Switches 

• Low Ron 

• Guaranteed Ron Matching 

• Analog Signal Input Voltage Equal To The Supply 
Voltage 

• Wide Operating Voltage: 4V To 16V 

• Parallel Input Addressing 

• High Latch Up Current: 50mA Minimum 

• Very Low Crosstalk 

• Pin And Functionally Compatible With The Following 
Types: SGS M3493, SGS M093, SSI 78A093A, and 
Mitel MT8812 

Applications 

• PBX Systems 

• Instrumentation 

o Analog And Digital Multiplexers 

• Video Switching Networks 


Description 

The Harris CD22M3493 is an array of 96 analog switches 
capable of handling signals from DC to video. Because of 
the switch structure, input signals may swing through the 
total supply voltage range, Vqd to V$S- Each of the 96 
switches may be addressed via the ADDRESS input to the 7 
to 96 line decoder. The state of the addressed switch is 
established by the signal to the DATA input. A low or zero 
input will open the switch, while a high logic level or a one 
will result in closure of the addressed switch when the 
STROBE input goes high from its normally low state. Any 
number or combination of connections may be active at one 
time. Each connection, however, must be made or broken 
individually in the manner previously described. All switches 
may be reset by taking the RESET input from a zero state to a 
one state and then returning it to its normal low state. 

The CD22M3493 is offered both in Plastic DIP (‘E’ suffix) 
and in PLCC (‘Q’ suffix). The device is operational over the 
entire Industrial temperature range (-40°C to +85°C) in 
both packages. 


Pinouts 


CD22M3493E (PLASTIC DIP) 
TOP VIEW 


CD22M3493Q (PLCC) 
TOP VIEW 


yaH 

KJ 

4o] V DD 

AY2 [F 


39] Y2 

RESET [T 


38] DATA 

AX3[T 


37j Y1 

AXO QT 


36] NC 

NC [T 


35] YO 

Z 

o 

R 


34] NC 

X6pr 


33 ] xo 

X7pr 


32 ] XI 

X8 [To 


3^X2 

X9[TT 


30] X3 

X10pl2 


29] X4 

XII [77 


28] X 5 

NC [l4 


27] NC 

Y7 [l5 


26] NC 

NC [7(3 


25] AY1 

Y6[l7 


24] AYO 

STROBE [l8 


23] AX2 

Sl§0! 







G 

o S 5 S $! co § 

Z < < DC < >- > 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjjg Number 2491 1 

Copyright © Harris Corporation 1 991 
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CD22M3493 


Block Diagram 


AXO 

AX1 

AX2 

AX3 

AYO 

AY1 

AY2 


STROBE DATA RESET 



Pin Descriptions 


SYMBOL 

40 PIN 

PLASTIC DIP 

44 PIN 
PLCC 

DESCRIPTION 

POWER SUPPLIES 

V DD 

40 

44 

Positive Supply 

vss 

20 

22 

Negative Supply 

ADDRESS 

AXO - AX3 

5,22,23, 

& 4 

5,24, 25, 

& 4 

X Address Lines. These pins select one of the 12 rows of switches. See the 
Truth Table for the valid addresses. 

AYO - AY 2 

24,25, 

& 2 

26,27, 

& 2 

Y Address Lines. These pins select one of the 8 columns of switches. See 
the Truth Table for the valid addresses. 

CONTROL 

DATA 

38 

42 

DATA Input determines the state of the addressed switch. A high or one will close the 
switch. A low or zero will open the switch. 

STROBE 

18 

20 

STROBE Input enables the action defined by the DATA and ADDRESS Inputs. A low or 
zero results in no action. The ADDRESS Input must be stable before the STROBE Input 
goes to the active high level. The DATA Input must be stable on the failing edge of the 
STROBE. 

RESET 

3 

3 

MASTER RESET. A high or one on this line opens all switches. 

INPUTS/OUTPUTS 

X0-X5 

I/O 

X6 - X1 1 

33-28 

8-13 

37-32 

9-14 

Analog or Digital Inputs/Outputs. These pins are the rows XO - X1 1 . 

Y0-Y7 

I/O 

35,37, 39, 
1,21,19, 

1 7 & 15 

40, 41 , 43, 
1,23,21, 

19 & 18 

Analog or Digital Inputs/Outputs. These pins are the columns YO - Y7. 
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Specifications CD22M3493 


Absolute Maximum Ratings 

DC Supply Voltage (Vdd) : 

(Voltages Referenced to Vqs) -0.5 to +1 7V 

DC Input Diode Current, l||\| ±20mA 

(For V| < Vss "0.5V or V| > V DD +0.5V) 

DC Output Diode Current, Iqk ±20mA 

(For Vq < Vgg -0.5V or Vq > V DD +0.5V) 

DC Transmission Gate Current ±25mA 

Power Dissipation Per Package (Po): 

For Ta = -40 to +85°C 500mW 

(Package Type E, 40 Pin Plastic DIP) 

For T A = -40 to +850C 600mW 

(Package Type Q, 44 Pin PLCC) 


Operating Temperature Range (Ta): 

Package Type E and Q -40 to 85°C 

Storage Temperature Range (TgjG) -65to150°C 

Lead Temperature (During Soldering) For 10 sec max: 

At a distance 1/1 6 ± 1/32 in. (1 .59 ± 0.79mm) +265°C 

From case for 1 0 sec max 

*Printed-circuit board mount 57mm x 57mm minimum area x 
1.6mm thick GIO epoxy glass or equivalent. 


Recommended Operating Conditions 

For maximum reliability, nominal operating conditions should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 

MIN 

MAX 

UNITS 

Supply Voltage Range (For Ta = Full Package Temperature Range) Vgg = 0V 

Vdd 

4 

16 

V 

DC Input or Output Voltage V| or Vo 

Vss 

Vdd 

V 

Digital Input Voltage 

v ss 

V DD 



Dynamic Electrical Characteristics (t a = -40°c to 85°c) Vgg = ov, v D d = 14V, Unless otherwise specified 


CHARACTERISTIC 


Supply Current, Iqd 


High-Level Input 
Voltage, V|h 


Low-Level Input 
Voltage, Vjj_ 


Input Leakage Current, 
! IN 


CONTROLS CONDITIONS 


Vdd = 5V 

V D D= 16 V 



CHARACTERISTIC 

CROSSPOINTS CONDITIONS 

ON Resistance 

Ron 

T A = 25°C, V D D = 5V 

Vin = Vdd/2 

VX-VY = 0.25V V D D = 14V 

ON Resistance 

Ron 

T A = -40°C to 85°C Vdd = 5V 

V|N = Vdd/2 

VX-VY = 0.25V Vdd = 14V 

Difference in ON 

Resistance between 
any two switches, 

A Rqn 

T A = 25°C, 

V|N = Vdd/ 2 Vnn = i4V 

VX-VY = 0.25V DD 

Difference in ON 

Resistance between 
any two switches, 

A Rqn 

T A = -40°C to 85°C 

V|N= VDD/2 VDD = 14V 

VX-VY = 0.25V 

OFF Leakage Current, 

»L 

| VX-VY|= 14V 
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CD22M3494 


Dynamic Electrical Characteristics (Continued) 

0a = +25°C), V S s = OV, Vee = 0 V, Vdd = 14V, Cl = 50pF, Unless Otherwise Specified 


CHARACTERISTIC 

CROSSPOINTS CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Switch I/O Capacitance 

V|N = VDD/2,f=1MHz 

- 

- 

20 

pF 

Switch Feedthrough Capacitance 

V|N = V DD /2,f=1MHz 

- 

0.3 

- 

PF 

Propagation Delay Time (switch ON) 
Signal Input to Output 
tpHL or tp LH 


- 

30 

100 

ns 

Frequency Response Channel ON 
f = 20Iog (VX/VY) = -3dB 

Cl = 3pF, R L = 750, V| N = 2VP-P 

- 

50 

- 

MHz 

Total Harmonic 

Thd 

V|N = 2VP-P, f = 1 kHz 

- 

0.01 

- 

% 

Feedthrough Channel OFF 
Feedthrough = 

20iog (VX/VY) = F DT 

V|n = 2VP-P, f = 1 kHz 

- 

-95 

- 

dB 

Frequency for Signal Crosstalk, fQ-j- 

40dB, V| N = 2VP-P, R L = 750 

- 

10 

- 

MHz 

Attenuation of: 

1 10dB, V|N = 2VP-P, R L = 1 k 1 1 lOpF 

- 

5 

- 

kHz 

Control Crosstalk 

DATA-Input, ADDRESS, 
or STROBE to Output 

Control Input = 3VP-P 

Square Wave, tr = tf = 1 0ns 
r jn = ik, R O UT = 10Klll0pF 


75 

- 

mVPK 


Dynamic Electrical Characteristics 

(Ta = +25°C), V S S = 0V, Vee = OV, V DD = 14V, R L = IK 1 1 50pF, Unless Otherwise Specified 


CHARACTERISTIC 

CONTROLS CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Digital Input Capacitance 

C|N V|N = 5V,f = 1 MHz 

- 

5 

- 

PF 

Propagation Delay Time 

STROBE to Output 
(Switch turn-ON) 

*PSN 


50 

100 

ns 

(Switch turn-OFF) 

tpSF 

- 

50 

100 

ns 

DATA-in to Output 
(Turn-ON to high level) 

IPZH 


60 

100 

ns 

(Turn-ON to low level) 

IPZL 

- 

70 

100 

ns 

ADDRESS to Output 
(Turn-ON to high level) 

tPAN 

_ 

70 

. 

ns 

(Turn-OFF to low level) 

tPAF 

- 

70 

- 

ns 

Set-up Time 

CS to STROBE 

*CS 

10 



ns 

DATA-in to STROBE 

ids 

10 

- 

- 

ns 

ADDRESS to STROBE 

Us 

10 

- 

- 

ns 

Hold Time 

STROBE to CS 

*CH 

10 




ADDRESS to CS 


10 

- 

- 


STROBE to DATA-in 

*DH 

20 

- 

- 

ns 

STROBE to ADDRESS 

Uh 

10 

- 

- 

ns 

DATA-in to CS 



20 

- 

- 

Pulse Width 

STROBE 

*SPW 

20 



ns 

RESET 

tRPW 

20 

- 

- 

ns 

RESET Turn OFF to 

Output Delay 

*PHZ 

- 

70 

100 

ns 
























































































TRUTH TABLE X AXIS 


TRUTH TABLE Y AXIS 



SEE 

AXO NOTE X SWITCH 


X4 

X5 

No Connect 

No Connect 

X6 

X7 

X8 

X9 

X10 

XII 

No Connect 
No Connect 




NOTE:(1) When X switch addresses are in these states, no change in 
status will occur in switches between any X and Y points. 


To make a connection (close switch) between any two points, specify an “X” address, a “Y” address, set “Data” high, and 
switch “Strobe” from low to high to break a connection, follow this same procedure with “Data” low. 

Example: 


To connect switch X3 to switch Y4: 
To connect switch X6 to switch Y7: 
To break connection from X3 to Y4: 











































CD22M34 94 


August 1991 


16x8x1 BiMOS-E 
Crosspoint Switch 


Features 

• 128 Analog Switches 

• Low Rqn 

• Guaranteed Ron Matching 

• Analog Signal Input Voltage Equal to the Supply 
Voltage 

• Wide Operating Voltage: 4V to 14V 

• Parallel Input Addressing 

• High Latch Up Current: 50mA Minimum 

• Very Low Crosstalk 

• Pin And Functionally Compatible with the Following 
Types: SGS M3494 and Mitel MT8816 

Applications 

• PBX Systems 

• Instrumentation 

• Analog And Digital Multiplexers 

• Video Switching Networks 


Description 

The Harris CD22M3494 is an array of 128 analog switches 
capable of handling signals from DC to video. Because of 
the switch structure, input signals may swing through the 
total supply voltage range, Vqd to Vss- Each of the 128 
switches may be addressed via the ADDRESS input to the 7 
to 1 28 line decoder. The state of the addressed switch is 
established by the signal to the DATA input. A low or zero 
input will open the switch, while a high logic level or a one 
will result in closure of the addressed switch when the 
STROBE input goes high from its normally low state. Any 
number or combination of connections may be active at one 
time. Each connection, however, must be made or broken 
individually in the manner previously described. All switches 
may be reset by taking the RESET input from a zero state to a 
one state and then returning it to its normal low state. 

CS allows crosspoint array to be cascaded for matrix 
expansion. 

The CD22M3494 is offered both in Plastic DIP (‘E’ suffix) 
and in PLCC (‘Q’ suffix). The device is operational over the 
entire Industrial temperature range (-40°C to +850C) in 
both packages. 


Pinouts 


CD22M3494E 
(PLASTIC DIP) 
TOP VIEW 


CD22M3494MQ (PLCC) 
(MITEL PIN COMPATIBLE) 
TOP VIEW 


CD22M3494SQ (PLCC) 
(SGS PIN COMPATIBLE) 
TOP VIEW 



CAUTIONI: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be foUpffgcfNjumber 
Copyright © Harris Corporation 1991 
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CD22M3494 


Block Diagram 


CS STROBE 

DATA RESET 

? , T 

I T I 

1 i 1 , 

1 ,.l 1 1-. 



16X8 

SWITCH 

ARRAY 


Pin Descriptions 


SYMBOL 


POWER SUPPLIES 


40 


VDD 


vss 


V E E 


ADDRESS 


40 PIN 

PLASTIC DIP 

44 PIN 
PLCC 

(E) 

(MQ) 

(SO) | 




Positive Supply 


Negative Supply (Digital) 


Negative Supply (Analog) 


AX0-AX3 

5,22,23, 

&4 

5,24, 25, 

& 4 

X Address Lines. These pins select one of the 16 rows of switches. See the 
Truth Table for the valid addresses. 

AYO - AY2 

24, 25, 

& 2 

26, 27, 

& 2 

Y Address Lines. These pins select one of the 8 columns of switches. See 
the Truth Table for the valid addresses. 

CONTROL 

DATA 

38 

42 

DATA Input determines the state of the addressed switch. A high or one will close the 
switch. A low or zero will open the switch. 

STROBE 

18 

20 

STROBE Input enables the action defined by the DATA and ADDRESS Inputs. A low or 
zero results in no action. The ADDRESS Input must be stable before the STROBE Input 
goes to the active high level. The DATA Input must be stable on the failing edge of the 
STROBE. 

RESET 

3 

3 

MASTER RESET. A high or one on this line opens all switches. 

CS 

36 

40 39 

CHIP SELECT. Device is selected when CS is at a high level, allows the crosspoint array 
to be cascaded for matrix expansion. 

INPUTS/OUTPUTS 

X0-X5 

X6-X11 

XI 2 - XI 5 

33-28 

8-13 

27, 26,6,7 

37-32 

9-14 

31,30,7,8 

Analog or Digital Inputs/Outputs. These pins are the rows XO - XI 5. 

Y0-Y7 

I/O 

35,37,39, 

1,21,19, 

17&15 

40, 41,43, 
1,23,21, 
19&18 

Analog or Digital Inputs/Outputs. These pins are the columns YO - Y7. 
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Specifications CD22M3494 


Absolute Maximum Ratings 

DC Supply Voltage (Vdd): 

(Voltages Referenced to Vss) -0.5 to +1 5 V 

DC Input Diode Current, l|N ±20mA 

(For V| < V S S -0.5V or V| > V DD +0.5V) 

DC Output Diode Current, Iqk ±20mA 

(For Vq < Vqq -0.5V or Vq > V DD +0.5V) 

DC Transmission Gate Current ±25mA 

Power Dissipation Per Package (Po): 

For T a = -40 to +60°C 500m W 

(Package Type E, 40 Pin Plastic DIP) 

For T A = +60°C to + 85°C Derate Lineary . . 1 2mW/°C to 200m W 


For T a = -40 to +85°C 600mW 

(Package Type Q, 44 Pin PLCC) 

Operating Temperature Range (Ta): 

Package Type E and Q -40 to 85°C 

Storage Temperature Range (Tstg) -65to150°C 

Lead Temperature (During Soldering) For 10 sec max: 

At a distance 1/1 6 ± 1 /32 in. (1 .59 ± 0.79mm) +265°C 

From case for 1 0 sec max 

*Printed-circuit board mount 57mm x 57mm minimum area x 
1.6mm thick GIO epoxy glass or equivalent. 


Recommended Operating Conditions 

For maximum reliability, nominal operating conditions should be selected so that operation is always within the following ranges: 



Supply Voltage Range (ForT A = Full Package Temperature Range) Vgg = 0V, 

Vee = 0V,Vdd 


DC Input or Output Voltage V| or Vq 
D igital Input Voltage 



V EE V DD 

V SS V DD 


Dynamic Electrical Characteristics (T a = -40<>c to +85°C) v ss = v EE = ov, unless otherwise specified 


CHARACTERISTIC925 


Supply Current, Iqd 


High-Level Input 
Voltage, V|n 


Low-Level Input 
Voltage, V| E 


Input Leakage Current, 
•IN 


CHARACTERISTIC 


ON Resistance 
r ON 


ON Resistance 

Ron 


Difference in ON 
Resistance between 
any two switches, 

A Rqn 


Difference in ON 
Resistance between 
any two switches, 

A Rqn 


Input Leakage Current, *L 
(Digital Pins) 




CONTROLS CONDITIONS 


VDD = 5 V Logic Inputs = Vqd 


Vdd = 16 V Logic Inputs = Vdd 



CROSSPOINTS CONDITIONS 


Vss = Vee = ov 

T a = +25°C, 

V|N = Vdd/2 

VX - V Y = 0.2V 

V DD = 10V 

V DD = 12V 

T A = -40°C to +85°C 

V|N = Vdd/2 

VX - VY = 0.2V 

v ss = Vee = ov 

V DD = 10V 

V DD = 12V 

T A =+25°C, 

Vin = Vdd/2 

VX - VY = 0.2V 

v ss = v ee = ov 

> 

CM 

II 

Q 

§ 

T A = -40°C to +85°C 

Vin = vdd/2 

VX - VY = 0.2V 

Vss orVDD = 0V 

V D D = 12V 

V|N (Digital) = Vss or V DD* 
T A = -40°c to +85°C 

T A = +25°C 


MAX UNITS 




±100 nA 

±3 mA 
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Specifications CD22M3494 


Dynamic Electrical Characteristics (Continued) 

(Ta = +25°C), Vgs = OV, V EE = OV, Vqq = 14V, Cl = 50pF, Unless Otherwise Specified 


CHARACTERISTIC 


Switch I/O Capacitance 


Switch Feedthrough Capacitance 


Propagation Delay Time (switch ON) 
Signal Input to Output 
tPHL or tpLH 


Frequency Response Channel ON 
f = 20log (VX/VY) = -3dB 


Total Harmonic 
t HD 


Feedthrough Channel OFF 
Feedthrough = 

20log (VX/VY) = F DT 


Frequency for Signal Crosstalk, fcj 
Attenuation of: 


Control Crosstalk 
DATA-Input, ADDRESS, 
or STROBE to Output 


CROSSPOINTS CONDITIONS 


V|N = VDD/2,f=1MHz 


V|N = VDD/2,f=1MHz 



C L = 3pF, R L = 750, V, N = 2VP-P 


V| N = 2VP-P,f = 1kHz 


V| N = 2VP-P,f=1kHz 


40dB, V| N = 2VP-P, R l = 750 


I IOdB, V|fg = 2VP-P, R|_ = 1 k 1 1 lOpF 


Control Input = 3VP-P 
Square Wave, tr = tf = 1 0ns 
R|N = 1K,R 0 UT =1 OKlllOpF 



Dynamic Electrical Characteristics 

Oa = +25°C), V S s = OV, V EE = OV, V DD = 14V, Rl = IK 1 1 50pF, Unless Otherwise Specified 


CHARACTERISTIC 


Digital Input Capacitance 


Propagation Delay Time 
STROBE to Output 
(Switch turn-ON) 
(Switch turn-OFF) 


DATA-in to Output 
(Turn-ON to high level) 
(Turn-ON to low level) 


ADDRESS to Output 
(Turn-ON to high level) 
(Turn-OFF to low level) 


Set-up Time 
CS to STROBE 
DATA-in to STROBE 
ADDRESS to STROBE 


Hold Time 
STROBE to CS 
ADDRESS to CS 
STROBE to DATA-in 
STROBE to ADDRESS 
DATA-in to CS 


Pulse Width 

STROBE 

RESET 


RESET Turn OFF to 
Output Delay 


CONTROLS CONDITIONS 
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Specifications CD22M3494 



TRUTH TABLE X AXIS 


TRUTH TABLE Y AXIS 


X ADDRESS 



SEE 

NOTE 

X SWITCH 


XO 


XI 


X2 


X3 


X4 


X5 


XI 2 


XI 3 


X6 


X7 


X8 


X9 


XI 0 


XII 

(1) 

XI 4 

(1) 

XI 5 



9 


To make a connection (close switch) between any two points, specify an “X” address, a “Y” address, set “Data” high, and 
switch “Strobe” from low to high to break a connection, follow this same procedure with “Data” low. 


Example: 


Y ADDRESS 


To connect switch X3 to switch Y4: 
To connect switch X6 to switch Y7: 
To break connection from X3 to Y4: 
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£) Harris CD 2285 9 

Monolithic Silicon 

August 1991 COS/MOS Dual-Tone Multifrequency Tone Generator 


Features 

• Mute Drivers On-Chip 

• Device Power can Either be Regulated DC or 
Telephone Loop Current 

• Use of an Inexpensive 3.579545MHz TV Crystal 
Provides High Accuracy and Stability for all 
Frequencies 

Applications 

• For Use In Dual-tone Telephone Dialing Systems 


Pinout 

CD22859 TYPES 
16 PIN CERAMIC SIDEBRAZED 
16 PIN PLASTIC DIP 
TOP VIEW 


v dd El 

u 

iD V OUT 

T x[T 


15] CD 

Cl [][ 


14] R1 

C2 El 


13] R2 

rapr 


12 ] R3 

v ss BE 


77] R4 

osci [7 


To\ RX 

OSC2[l[ 


7] C4 


Description 

The CD22859 Is a CMOS dual-tone multifrequency (DTMF) 
tone generator for use in dual-tone telephone dialing sys- 
tems. The device can easily be interfaced to a standard 
pushbutton telephone keyboard, to provide enabling opera- 
tion directly with the telephone lines. 

The CD22859 generates standard DTMF sinusiodal dialing 
tones from an on-chip reference crystal oscillator. The ref- 
erence oscillator uses an inexpensive 3.579545MHz color 
TV crystal to create highly stable and accurate tones. The 
sinusiidal tones are digitally synthesized by a stair-step ap- 
proximation. 

One of four low-frequency band row tones and one of four 
high-frequency band column tones are selected by driving 
one of the four row inputs and one of the four column inputs 
low. Simultaneous selection of more than one row input 
and/or more than one column input will inhibit tone genera- 
tion, or generate a single-tone sinusoid. These operating 
modes are described in the functional truth table. 

Control logic is included to allow easy interface to standard 
K500-types telephones. Two CMOS outputs Tx, Rx capa- 
ble of driving external p-n-p receiver and transmitter mut- 
ing transistors are provided. A low input to the CD pin, inhib- 
its tone generation, turns off the reference oscillator and 
causes Tx and Rx outputs to logic ‘O’. During tone genera- 
tion mode, CD = 1 and Tx, Rx = logic 1. 

All row, column and CD inputs are provided with pull-up re- 
sistors to allow the use of SPST switch matrixes. 

The CD22859 types are supplied in a 16 lead hermetic 
dual-in-line sidebrazed ceramic package (D suffix) and a 
16 lead dual-in-line plastic package (E suffix). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pj| e Number 1 257.1 

Copyright © Harris Corporation 1 991 
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Specifications CD22859 


Absolute Maximum Ratings 




DC Supply Voltage Range (Vqd " V SS) 

-0.5V to + 12V 

Power Dissipation Per Output 

lOOmW 

Input Voltage Range 

. . .-0.5V to Vdd+0-5V 

Operating Temperature Range 

. -40°C to +85°C 

Power Dissipation, Pp: 


Lead Temperature During Soldering: Distance 1/16 in. ± 1/32 in. 

T A = -40°C to +60°C 

500mW 

(1 .59mm ± 0.79mm) from case for 10s max . . 

+265°C 

Ta = +60°C to +85°C . . Derate Linearly at 1 .2mW/°C to 200mW 




Dynamic Electrical Characteristics Ta = -250c to + 60 °c All Voltages Referenced to v S s = ov 


CHARACTERISTICS 


DC SUPPLY VOLTAGE 


Tone Gneration Mode with Valid Input (Note 1 ) 


Non-Tone Generation (Note 2) 


OPERATING CURRENT 


Tone Generation Mode 
Outputs Unloaded) 


No Keydown Mode 


Input Pull-Up Current 


Input Low Voltage (V|l) Maximum 


Input Low Voltage (V m) Minimum 



Static Electrical Characteristics Ta = -250c to +60°c 


CHARACTERISTICS 


TONE OUTPUTS (R L = 82) 


Vq; Dual-Tone Output 


Vq (Cl); Single-Tone Output, Column (Note 3) 


Vq (Rl); Single-Tone Output, Row (Note 4) 


Distortion (Note 5) 


Rise and Fall Time (Dual-Tone Out) (Note 6) 


Pre-Emphasis (Note 7) 


MUTE OUTPUT CURRENT 



Transmitter 

1.7 

Iqh (Source) 

10 

Iql (Sink) 

10 

Receiver 

1.7 

Iqh (Source) 

10 

Iql (Sink) 

10 



NOTES: 

1. All logic and counters functional. 

2. Mute switches remain open. 

3. Two or more row inputs low, and one column input low. 

4. Two or more column inputs low, and one row input low. 

5. Distortion is defined as: The ratio of all extraneous frequency compo- 
nents generated in the voiceband 0.5kHz, to the power of the dual-tone 
signal, measure across Rl- 

= (V 1 2+V 2 2 = ...+V n 2 ) 

VlV \^|2 

where V-j, V 2 - - - - V n are extraneous frequency components in the 
voiceband 0.5kHz to 3kHz, Vl is the low-band frequency tone, and V^ is 
the high-band frequency tone. 


6. Tone rise time is defined as the time for each of the 2 DTMF frequencies to 
attain 90% of full amplitude, measured from the time when a row and col- 
umn signal are driven low. 

7. Pre-emphasis is the ratio of the high-group level to the low-group level. 

8. Refer to Figure 1 . for standard DTMF frequencies. 
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CD22859 


COL I COL 2 COL 3 COL 4 



92CS- 32958 


Fig. 1 - Bell and nominal output frequencies (in 
parenthesis) for 3.579545-MHz crystal. 


DTMF Generator Functional Truth Table 

Inputs Outputs 



Number of 

Number of 




Keyboard Mode 

Column Inputs 
Activated 

Row Inputs 
Activated 

CD 

Tone 

0SC RX TX 
Run- RX TX 


“Low” 

Low 



ning 

X 

X 

X 

“0” 

None 

No “0” “0” 

No key de- 
pressed 

0 

0 

“r 

None 

No “0” “0” 


0 

1 

“i” 

Dual Tone 
Ra.Ci 

Yes “1” “1” 


1,2,3, or 4 

0 

“1” 

None 

No “0” “0” 

Normal Dialing 

1 

1 

“1” 

Dual Tone 


One Key De- 
pressed (See 




Ra.Cb 

Yes “1” “1” 

Note 1) 






Two or More 

2,3, or 4 

1 

“1” 

Single Row 

Yes “1” “1” 

Keys In 




Tone 


Same Row 
(See Note 2) 




Ra 


Two or More 

1 

2,3, or 4 

"r 

Single Column 

Yes “1” “1” 

Keys In Same 




Tone 


Column 




Cb 


Two or More 
Keys In Dif- 
ferent Rows 

2,3 or 4 

1 

“i” 

None 

Yes “1” “1” 

& Columns 

1 


i 

None 

Yes “1” “1” 


Where: 

X = Do Not Care 

R a ,Cb refers t0 Tone Output frequencies corresponding to Row 1, Row 2, Row 3, 
Row 4, Column 1, Column 2, Column 3, Column 4 
a = 1, 2,3,4 b = 1,2, 3,4 a = b, or a *b 

1. Corresponds to normal dual-tone operation. 

2. Corresponds to single-tone generation mode. 


9-59 






CD22859 



9-60 







August 1991 


CD74HC22106 

CD74HCT22106 

QMOS 8x8x1 Crosspoint 
Switch with Memory Control 


Type Features 

• 64 Analog Switches in an 8 x 8 x 1 Array 

• On-Chip Line Decoder and Control Latches 

• Automatic Power-Up Reset by Using a 0.1 (iF 
Capacitor at the MR Pin 

• RON Resistanced 95fi @ Vcc = 4.5V 

• 2V to 10V Operation 

• 4.5V to 5.5V Operation 

• Analog Signal Capability: VcC2 

Family Features 

• Wide Operating Temp. Range -40°C to + 85°C 

• CD74HC Types: 

► 2V to 10V Operation 

► High Noise Immunity: Nil = 30%, Njh = 30% of 
Vcc; @ Vcc = 5V and 10V 

• CD74HCT Types: 

► 4.5V to 5.5V Operation 

► Direct LSTTL Input Logic Compatibility: 

V|l = 0.8V Max, V|h = 2V Min 


Description 

The CD74HC221 06 and CD74HCT221 06 are digitally con- 
trolled analog switches which utilize silicon-gate CMOS 
technology. The CD74HC22106 types feature CMOS in- 
put-voltage-level compatibility and the CD74HCT22106 
feature LSTTL input-voltage-level compatibility. 

The Master Reset has an internal pull-up resistor and is nor- 
mally used with a 0.1 pF capacitor. During power-up all 
switches are automatically reset. The crosspoint switches 
will reset with MR = 0 even if CE is high. A 6-bit address 
through a 6-line-to-64-line decoder selects the transmis- 
sion gate which can be turned on by applying a logical ONE 
to the DATA input and logical ZERO to the STROBE. Simi- 
larly, any transmission gate can be turned OFF by applying 
a logical ZERO to the DATA input while strobing the 
STROBE with a logical ZERO. 

The CE pin allows the crosspoint array to be cascaded for 
matrix expansion in both the X and Y directions. 

The CD74HC and CD74HCT devices are supplied in the 28 
lead dual-in-line plastic packages (E suffix). 


► CMOS Input Compatibility: 
If < IjjA @ Vql> Vqh 


Pinout 


CD74HC221 06, CD74HCT22106 
28 PIN PLASTIC DIP 
TOP VIEW 


AS [T 



28] A4 

STROBE |_2_ 


27] A3 

CE QT 


26] A2 

DATA |T 


25] A1 

L2J 

CO 


24] AO 

xo [T 


23] XI 

X2 [T 


22] X3 

X4 \T 

1 


X6 [sT 



MR [To 

■ 


Y7 [TT 

■ 


Y6 Q? 

■ 


ys m 

■ 


Y4 [TT 




CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 


File Number 1719.1 
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Specifications CD74HC22106 , CD74HCT22106 


Absolute Maximum Ratings 

DC Supply-Voltage (Vcc) : 

Voltage Reference to GND -0.5 V to +1 1 V 

DC Input Diode Current: 

l|K (For V, < -0.5 or V| > Vcc +0.5V ±20m A 

DC Output Diode Current: 

•OK (For Vo < “0-5 or Vq > Vqq +0.5V ±20m A 

DC Transmission Gate Current ±25mA 

Power Dissipation per Package (Pp): 

For Ta = -40°C to +60°C (Package Type E) 500mW 

ForTA = -60°C to +85°C (Package Type E) . . . Derate Linerity at 

12mW/°C to 200m W 


Operating Temperature Range (Ta) 

Package Type E -40°C to +85°C 

0.5V to +1 1 V Storage Temperature (During Soldering) for 1 0s Max 

At distance 1/16 in. ± 1/32 in. (1.59mm ± 0.79mm) for Case for 
±20mA 10s Max +2650C 


Recommended Operating Conditions: For Maximum Reliability, Nominal Operating Conditions Should be Selected so that 

Operation is Always Within the Following Ranges: 


CHARACTERISTICS 

MIN 

MAX 

UNITS 

Supply Voltage Range (ForTA= Full Package Temperature Range) Vqc: 
CD74HC22106 

2 

10 

V 

CD74HCT22106 

4.5 

5.5 

V 

DC Input of Output Voltage V|, Vq 

0 

V CC 

V 


80] 

V CC = 

4.5V 

„„ T 


z 


AN 

* ITaI- 

’ 


a: 


^~1 



1 

z 

< 

<2 40 






UJ 

5 30 



^ 

— "" 



z 

o 

x 20 

CJ 

r 

| 



- 


5 

_d 






INPUT VOLTAGE (Vi N )-V 


120 

110 

AMBIEN 

T TEMPERATURE (T A ) = 25°C 



f 90 
"z 

f 

\ Vcc = 

V 




oc 80 

o 70 

z 

< 

- 


^ v «r 4 -: 

V 



£ 50 



\ 

Vcc 

= 9V 


_o 40 

S 30 

^ 20 

- 






10 

1 

1 

1 i 

1 

1 

1 


INPUT SIGNAL ( V )s )-V 


FIGURE 1 . TYPICAL “ON” RESISTANCE AS A FUNCTION OF FIGURE 2. TYPICAL “ON” RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE INPUT SIGNAL VOLTAGE 
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Specifications CD74HC22106, CD74HCT22106 


Static Electrical Characteristics 


CD74HC22106 

TEST 

CONDITIONS 

+25°C 

-40°C to 
+85°C 


CDHCT22106 


CHARACTERISTICS 


High-Level Input Voltage 
V|H 


Low-Level Input Voltage 
V|L 


Vi | v cc 

V 


Input Leakage Current 
(Any Control) 

»L 

V CC 

or 

GND 


Quiescent Device 

Current Iqq 
( with MR = 1) 

V CC 

or 

GND 

10 

Off Leakage Current 
lL 

(with MR = 1) 

All 

Switches 

OFF 

10 

“On" Resistance 

Ron 

vcc 

to 

GND 

B 

B 


v CC/2 

ESI 

B 

“On” Resistance 

V CC 


Between Any Two 

Phahnolo AP/mi 

to 

GND 

Bl 

UiicUiilclb ZAriQfsJ 


3 




FIGURE 3. TYPICAL “ON” RESISTANCE AND CROSSTALK 
AS A FUNCTION OF FREQUENCY 



10 100 IK 10K 100K 1M 

FREQUENCY — (Hz) 


FIGURE 4. TYPICAL “ON” SWITCH ATTENUATION AND 
“OFF” SWITCH FEED THROUGH AS A 
FUNCTION OF FREQUENCY 
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Specifications CD74HC22106, CD74HCT22106 


Switching Characteristics 


TEST 

CHARACTERISTICS CONDITIONS V ss V cc 



MIN MAX I MIN MAX I MIN MAX MIN MAX I UNITS 


Propagation Delay Time Rj_ = 1 0kfl 


Strobe to Output 
(Switch Turn-On to 
High Level) \pzH 


Data-In to Output 
(Turn-On to High Level) 
tpZH 


Address to Output 
(Turn-On to High Level) 
tpZH 


Propagation Delay Times 
Strobe to Output) 
tPHZ 


Data-In to Output 
(Turn-On to Low Level) 
tpZL 


Address to Output 

(Turn-Off) 

tpHZ 


Minimum Set-Up Time 
(Data-In to Strobe 
Address) tsu 


Minimum Hold Time 
(Data-In to Strobe 
Address ) t^ 


Minimum Strobe Pulse 

Width 

tw 


Maximum Switching 

Frequency 

Fo 


Input (Control) 
Capacitance C| 
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Specifications CD74HC22106, CD74HCT22106 


Analog Channel Characteristics 


CHARACTERISTICS 

TEST 

CONDITIONS 

V IS 

Propagation Delay Time, tp|-|L 

Signal Input to Output, tPLH 

R L = 10kO 

- 

C L = 50pF 

- 

tr, tf = 6ns 

- 

Switch Frequency 

Response @ -3dB 

R S = Rl = 6000 


2Vp-p 

Crosstalk Between Any Two 
Channels 

R S = Rl = 6000 
f = 1 kHz 

f = 1 MHz 


2Vp-p 

2Vp-p 

Switch “OFF” 

-40dB Feed Through 
Frequency 

Rs — Rl — 6000 

2Vp-p 

2Vp-p 

Total Harmonic Distortion 
*HD 

RL= 10kO 

4Vp-p 

f = 1 kHz Sinewave 

8Vp-p 

Rl = 6000 

4Vp-p 

f = 1 kHz Sinewave 

7Vp-p 

Control to Switch 

Feed-Thru Noise 
(DATA IN, Strobe, Address) 

R L = lOkO 

5 

tr, tf = 6ns 

10 

Capacitance, Co 

XntoGND 

YntoGND 

f = 1 MHz 

- 

f = 1 MHz 

- 



UNITS 


ns 

ns 

ns 


MHz 

MHz 


dB 

dB 

dB 


MHz 

MHz 


% 













































































CD74HC22106, CD74HCT22106 


Truth Table 


A 5 

a 4 

A 3 

A 2 

Al 

A 0 

SWITCH SELECT 

As 

a 4 

A 3 

A 2 

Al 

Ao 

SWITCH SELECT 

0 

0 

0 

0 

0 

0 

*0 

Y 0 

1 

0 

0 

0 

0 

0 

Xo 

Y 4 

0 

0 

0 

0 

0 

1 

Xi 

Y 0 

1 

0 

0 

0 

0 

1 

Xi 

y 4 

0 

0 

0 

a 

1 

0 

x 2 

Y 0 

1 

0 

0 

0 

1 

0 

X 2 

y 4 

0 

0 

0 

0 

1 

1 

x 3 

Yo 

1 

0 

0 

0 

1 

1 

X 3 

y 4 

0 

0 

0 

1 

0 

0 

x 4 

Yo 

1 

0 

0 

1 

0 

0 

X 4 

y 4 

0 

0 

0 

1 

0 

1 

x 5 

Yo 

1 

0 

0 

1 

0 

1 

X 5 

y 4 

0 

0 

0 

1 

1 

0 

x 6 

Yo 

1 

0 

0 

1 

1 

0 

X 6 

y 4 

0 

0 

0 

1 

1 

1 

X 7 

Yo 

1 

0 

0 

1 

1 

1 

x 7 

y 4 

0 

0 

1 

0 

0 

0 

X 0 

Yi 

1 

0 

1 

0 

0 

0 

X 0 

y 5 

0 

0 

1 

0 

0 

1 

Xi 

Yi 

1 

0 

1 

0 

0 

1 

Xi 

y 5 

0 

0 

1 

0 

1 

0 

X 2 

Yi 

1 

0 

1 

0 

1 

0 

X 2 

y 5 

0 

0 

1 

0 

1 

1 

X 3 

Yi 

1 

0 

1 

0 

1 

1 

X 3 

y 5 

0 

0 

1 

1 

0 

0 

x 4 

Yi 

1 

0 

1 

1 

0 

0 

X 4 

y 5 

0 

0 

1 

1 

0 

1 

x 5 

Yi 

1 

0 

1 

1 

0 

1 

x 5 

y 5 

0 

0 

1 

1 

1 

0 

X 6 

Yi 

1 

0 

1 

1 

1 

0 

X 6 

y 5 

0 

0 

1 

1 

1 

1 

x 7 

Yi 

1 

0 

1 

1 

1 

1 

x 7 

y 5 

0 

1 

0 

0 

0 

0 

Xo 

y 2 

1 

1 

0 

0 

0 

0 

Xo 

Ye 

0 

1 

0 

0 

0 

1 

Xi 

y 2 

1 

1 

0 

0 

0 

1 

Xi 

Ye 

0 

1 

0 

0 

1 

0 

x 2 

y 2 

1 

1 

0 

0 

1 

0 

X 2 

Ye 

0 

1 

0 

0 

1 

1 

X 3 

y 2 

1 

1 

0 

0 

1 

1 

X 3 

Ye 

0 

1 

0 

1 

0 

0 

X 4 

y 2 

1 

1 

0 

1 

0 

0 

X 4 

Ye 

0 

1 

0 

1 

0 

1 

x 5 

y 2 

1 

1 

0 

1 

0 

1 

x 5 

Ye 

0 

1 

0 

1 

1 

0 

X 6 

y 2 

1 

1 

0 

1 

1 

0 

Xe 

Ye 

0 

1 

0 

1 

1 

1 

x 7 

y 2 

1 

1 

0 

1 

1 

1 

x 7 

Ye 

0 

1 

1 

0 

0 

0 

X 0 

y 3 

1 

1 

1 

0 

0 

0 

Xo 

y 7 

0 

1 

1 

0 

0 

1 

Xi 

y 3 

1 

1 

1 

0 

0 

1 

Xi 

y 7 

0 

1 

. 1 

0 

1 

0 

x 2 

y 3 

1 

1 

1 

0 

1 

0 

X 2 

y 7 

0 

1 

1 

0 

1 

1 

X 3 

y 3 

1 

1 

1 

0 

1 

1 

X 3 

y 7 

0 

1 

1 

1 

0 

0 

X 4 

y 3 

1 

1 

1 

1 

0 

0 

X 4 

y 7 

0 

1 

1 

1 

0 

1 

x 5 

y 3 

1 

1 

1 

1 

0 

1 

x 5 

y 7 

0 

1 

1 

1 

1 

0 

x 6 

y 3 

1 

1 

1 

1 

1 

0 

X 6 

y 7 

0 

1 

1 

1 

1 

1 

x 7 

y 3 

1 

1 

1 

1 

1 

1 

x 7 

y 7 



X 0 X, X 2 X 3 

FIGURE 5. FUNCTIONAL DIAGRAM 
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CD74HC22106, CD74HCT22106 


Test Circuits and Waveforms 





FIGURE 6. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS (STROBE TO 
SIGNAL OUTPUT, SWITCH TURN-ON OR TURN-OFF) 


DATA IN 



V "2H 



FIGURE 7. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS (DATA-IN TO 
SIGNAL OUTPUT, SWITCH TURN-ON TO HIGH OR LOW LEVEL) 



FIGURE 8. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS (ADDRESS 
SIGNAL OUTPUT, SWITCH TURN-ON OR TURN-OFF) 
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CD74HC22106, CD74HCT22106 


Test Circuits and Waveforms (Continued) 


HC or CMOS 
Output 


:xl 


Analog Output 
0-5 V 


#HC Logic for CMOS Inputs 
HCT Logic for TTL inputs 


FIGURE 9. TYPICAL SINGLE-SUPPLY CONNECTION FOR HC22106 


Y CD4000A/B 
V CC .CMOS Bipolar 
fsJ / Output 


•J=b 


Analog Output 
-5 to +5 V 


FIGURE 10. TYPICAL DUAL-SUPPLY CONNECTION FOR HC22106 


Analog Output 
- 0-10 V 


-=±r- Analog 

•For CMOS Input Levels Use HC03 Logic Type o-ToV 
For TTL Input Levels Use HCT03 Logic Type 


FIGURE 11. USE OF HC/HCT03 WHEN CONTROL SIGNAL IS OV - 5V AND ANALOG SIGNAL IS OV - 10V 



Analog Output 
0-5 V 


FIGURE 12. TYPICAL SINGLE-SUPPLY CONNECTION FOR HCT22106 WITH TTL INPUT 
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Subsciber Line Interface Circuit 


Features 

• Monolithic Integrated Device 

• Dl High Voltage Process 

• Compatible With Worldwide PBX Performance 
Requirements 

• Controlled Supply of Battery Feed Current for Short 
Loops (30mA) 

• Internal Ring Relay Driver 

• Low Power Consumption During Standby 

• Switch Hook, Ground Key and Ring Trip Detection 
Functions 

• Selective Denial of Power to Subscriber Loops 


Applications 

• Solid State Line Interface Circuit for Analog and 
Digital PBX Systems 

• Direct Inward Dial (DID) Trunks 

• Voice Messaging PBX’s 


Description 

The Harris SLIC incorporates many of the BORSHT 
function on a single 1C chip. This includes DC battery 
feed, a ring relay driver, supervisory and hybrid functions. 
This device is designed to maintain transmission perform- 
ance in the presence of externally induced longitudinal cur- 
rents. Using the unique Harris dielectric isolation process, 
the SLIC can operate directly with a wide range of station 
battery voltages. 

The SLIC also provides selective denial of power. If the PBX 
system becomes overloaded during an emergency, the 
SLIC will provide system protection by denying power to 
selected subscriber loops. 

The Harris SLIC is ideally suited for the design of new 
digital PBX systems, by eliminating bulky hybrid 
transformers. 

SLIC is available in either a 24 pin Dual-in-Line Plastic or 
Ceramic package, and a 28 pin PLCC package. 


Pinouts 


HC-5502A 

(CERAMIC/PLASTIC DIP) 
TOP VIEW 


HC4P5502A 
(PLCC) 
TOP VIEW 




s 1 II II 's 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 


File Number 2868 
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HC-5502A 


Schematic 


f ? 


VOLTAGE 8. CURRENT 
BIAS NETWORK 



lB1 'B2 lB3 • B4 >B5 »B6 lB7 f B8 Vbat *B9 >B10 <B11 


. 1 ■ .-1 



R8 1 +12 □ QD3T q P36] 

rir f ft 



if nit + 



VBAT a 4^" 
+12 □ □ 1 

R3 T 1 + 

— 

— 

I X 1 




SWITCH HOOK DETECTOR 


GND SHORTS 
CURRENT LIMITING 

9 *B1 


VBAT/2 RE FERENCE 

VB 2 r 


SSI ZH; 



Die Characteristics 



Transistor Count 


181 

Diode Count 


27 

Die Dimensions 


169x112 

Substrate Potential 


. . Unconnected 

Process 


Bipolar-DI 

Thermal Constants (°C/W) 

0 ja 

Bjc 

Ceramic DIP 

51 

16 

Plastic DIP 

52 

24 
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Specifications HC-5502A 


Absolute Maximum Ratings (Note i) 

Maximum Continuous Supply Voltages (V B -) -60 to +0.5 V 

(V B +) .... -0.5 to +1 5 V 

(V B +- V B ~) 75 V 

Relay Drive Voltage (Vrd) -0.5 to +1 5V 

Storage Temperature Range -65°C to +1 50°C 

Junction Temperature +175°C 


Recommended Operating Conditions 

Relay Driver Voltage (Vrd) +5 to +1 2V 

Positive Supply Voltage (V B +) 1 0.8 to 1 3.2V 

Negative Supply Voltage(V B -) -42 to -58V 

Minimum High Level Logic Input Voltage 2.4V 

Maximum Low Level Logic Input Voltage 0.6 V 

Loop Resistance (R|_) 200 to 1 200 Ohms 

Operating Temperature Range 

HC-5502A-5.-7 0<>C to +75°C 

HC-5502A-9 -40°Cto+85°C 


Electrical Specifications V B - = -48V, V B + = +12V, AG = BG = DG = 0 V, Unless Otherwise Noted, 

Typical Parameters +25°C. Min-Max Parameters are Over Operating Temperature Range. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

91 || 

On Hook Power Dissipation 

•Long = 0 

- 

135 

mm 

mW 

Off Hook Power Dissipation 

RUNE = 600 Ohms, iLong = 0 

- 

450 


mW 

Off Hook IB+ 

Rline — 600 Ohms, ILong = 0 @ -40°C 

- 

- 

5.0 

mA 

Off Hook IB+ 

Rune = 600 Ohms, ILong = 0 @ +25°C 

- 

- 

4.3 

mA 

Off Hook IB- 

Rune = 600 Ohms, ILong = 0 

- 

- 

38 

mA 

Off Hook Loop Current 

Rline = 1 200 Ohms, i|_ ong = o 

- 

21 

- 

mA 

Off Hook Loop Current 

Rline = 1 200 Ohms, V B - = -42V, li_ong = 0 

T A = 250C 

17.5 

" 

“ 

mA 

Off Hook Loop Current 

Fault Currents 

r LINE = 200 Ohms, li_ 0 ng = 0 

25.5 

30 

34.5 

mA 

TIP to Ground 


- 

14 

- 

mA 

RING to Ground 


- 

47 

- 

mA 

TIP to RING 


- 

30 

- 

mA 

TIP and RING to Ground 


- 

47 

- 

mA 

Ring Relay Drive Vol 

•OL = 62mA 

- 

0.2 

0.5 

V 

Ring Relay Driver Off Leakage 

Vrd = +1 2V, RC = 1 = HIGH, T A = 25°C 

- 

- 

100 

pA 

Ring Rrip Detection Period 

RUNE = 600 Ohms, T A = +25°C 

- 

2 

3 

Ring Cycles 

Switch Hook Detection Threshold 

shd = v ol 

10 

- 

- 

mA 


SHD=Vqh 

- 

- 

5 

mA 

Ground Key Detection Threshold 

GKD=Vql 

20 

- 

- 

mA 


gk5=Voh 

- 

- 

10 

- 

Loop Current During Power Denial 


- 

±2 

- 

mA 

Dial Pulse Distortion 


0 

- 


ms 

Receive Input Impedance 


- 

90 


kOhms 

Transmit Output Impedance 

Two Wire Return Loss 

(Return Loss Referenced to 6000 +2.1 6jiF)' 


5 


Ohms 

SRLLO 


- 

15.5 


dB 

ERL 


_ 

24 


dB 

SRLHI 


- 

31 

- 

dB 

Longitudinal Balance 

1 V Peak-Peak 200Hz - 3400Hz 






0°C<T A <75°C 





2 Wire Off Hook 


58 

65 

- 

dB 

2Wire On Hook 


60 

63 

- 

dB 

4 Wire Off Hook 


50 

58 

- 

dB 

Low Frequency Longitudinal Balance 

R.E.A. Method, 0°C <T A < 75°C 

- 

- 

23 

dBmC 



- 

- 

-67 

dBmOp 


NOTES: 1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceaiblity of the 
circuit may be impaired. Functional operability under any of these conditions is not necessarily implied. 
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Specifications HC-5502A 


Electrical Specifications (Continued) 


PARAMETERS 

CONDITIONS 

Insertion Loss 

2 Wire - 4 Wire 

4 Wire - 2 Wire 

@1kHz, OdBm Input Level 

Frequency Response 

200 - 3400Hz Referenced to Absolute 
Loss at 1kHz and OdBm Signal Level 
0°C<T A <75°C 

Idle Channel Noise 

2 Wire -4 Wire 

0°C <T A < 75°C 

4 Wire - 2 Wire 


Absolute Delay 

2 Wire -4 Wire 

4 Wire - 2 Wire 

°° c < t a< 75 ° c 

Trans Hybrid Loss 

Balance Network Set Up for 600 Ohm 
Termination at 1kHz 

Overload Level 

2 Wire -4 Wire 

4 Wire - 2 Wire 

0°C <T A <750C 

Level Linearity 

at 1 kHz, 0°C <T A <75°C 

2 Wire -4 Wire 

+3 to -40dBm 

-40 to-50dBm 

-50 to-55dBm 

4 Wire - 2 Wire 

+3 to -40dBm 

-40 to-50dBm 

-50 to-55dBm 

Power Supply Rejection Ratio 

'* 0°C<T A <75OC 

V B + to 2 Wire 

Vg+to Transmit 

Vg- to 2 Wire 

Vg- to Transmit 

30 - 60Hz, Rj_|NE = 6000 

Vg+ to 2 Wire 

200 - 1 6kHz 

Vg+to Transmit 

Vg- to 2 Wire 

Vg- to Transmit 

RLINE = 6000 

Logic Input Current (RS, RC, PD) 

Logic Inputs 

Logic ‘0‘ V|| 

Logic ‘1 ‘ V|n 

Logic Outputs 

OV < VIN <5V 

Logic ‘0‘ Vql 

•LOAD 800hA 

Logic TVqh 

ILOAD 80|jA 


TYP 

MAX 

±0.05 

±0.2 

±0.05 

±0.2 

±0.02 

±0.05 



5 dBrnC 

-85 dBmOp 
5 dBrnC 

-85 dBmOp 



Uncommitted Op Amp Specifications 


PARAMETER 


Input Offset Voltage 
Input Offset Current 
Input Bias Current 
Differential Input Resistance 


Output Voltage Swing 
Output Resistance 


Small Signal GBW 


CONDITIONS 


MAX UNITS 
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Pin Assignments HC-5502A 


28 PIN 
PLCC 

24 PIN 
DIP 


DESCRIPTION 

2 

1 

TIP 

An analog input connected to the TIP (more positive) side of the subscriber loop through a 1 500 
feed resistor and a ring relay. Functions with the Ring terminal to receive voice signals from 
the telephone and for Loop Monitoring Purposes. 

3 

2 

RING 

An analog input connected to the RING (more negative) side of the subscriber loop through a 

1 500 feed resistor. Functions with the Tip terminal to receive voice signals from the telephone 
and for loop monitoring purposes. 

4 

3 

Vb+ 

Positive Voltage Source - Most positive supply. Vg+ is typically 1 2 volts with an operational 
range of 1 0.8 to 1 3.2 volts. 

5 

4 

Cl 

Capacitor #1 - Optional Capacitor used to improve power supply rejection. This pin should 
be left open if unused. 

6 

5 

C3 

Capacitor #3 - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function, and for filtering Vg- 
supply. Typical value is 0.3(iF, 30V. 

7 

6 

DG 

Digital Ground - To be connected to zero potential and serves as a reference for all digital 
inputs and outputs on the SLIC. 

9 

7 

RS 

Ring Synchronization Input - A TTL - compatible clock input. The clock is arranged such that 
a positive transition occurs on the negative going zero crossing of the ring voltage source, 
ensuring that the ring relay is activated and deactivated when the instantaneous ring voltage 
is near zero. If synchronization is not required, tie to +5V. 

10 

8 

RD 

Relay Driver - A low active open collector logic output. When enabled, the external ring relay 
is energized. 

11 

9 

TF 

Tip Feed - A low inpedance analog output connected to the TIP terminal through a 1 50fi feed 
resistor. Functions with the RF terminal to provide loop current, feed voice signals to the 
telephone set, and sink longitudinal current. 

12 

10 

RF 

Ring Feed - A low impedance analog output connected to the RING terminal through a 1 50fl feed 
resistor. Functions with the TF terminal to provide loop current, feed voice singals to the 
telephone set, and sink longitudinal currents. 

13 

11 

v B - 

Negative Voltage Source - Most negative supply. Vg- is typically -48 volts with an operational 
range of -42 to -58 volts. Frequently referred to as ’’battery”. 

14 

12 

BG 

Battery Ground - To be connected to zero potential. All loop current and some quiescent current 
flows into this ground terminal. 

16 

13 

SHD 

Switch Hook Detection - A low active LS TTL - compatible ligic output. This output is enabled 
for loop currents exceeding 1 0mA and disabled for loop currents less than 5mA. 

17 

14 

GKD 

Ground Key Detection - A low active LS TTL - compatible logic output. This output is enabled 
if the DC current into the ring lead exceeds the DC current out of the tip lead by more than 

20mA, and disabled if this current difference is less than 1 0mA. 

18 

15 

PD 

Power Denial - A low active TTL - Compatible logic input. When enabled the _switch hook detect (SHD) 
and ground key detect (GKD) are not necessarily valid, and the relay driver, (RD) output is disabled. 

19 

16 

RC 

Ring Command - A low active TTL - Compatible logic input. When enabled, the relay driver (RD) 
output goes low on the next rising edge of the ring sync (RS) input, as long as the SLIC is not 
in the power denial state (PD = 0) or the subecriber is not already off- hook (SHD = 0). 

20 

17 

C2 

Capacitor #2 - An external capacitor to be connected between this terminal and digital ground. 

Prevents false ground key indications from occuring durring ring trip detection. Typical value 
is 0.1 5|iF, 1 0V. This capacitor is ont used if ground key function is not required. 

21 

18 

OUT 

The analog output of the spare operational amplifier. 

23 

19 

-IN 

The inverting analog input of the spare operational amplifier. 

24 

20 

+IN 

The non-inverting analog input of the spare operational amplifier. 

25 

21 

RX 

Receive Input, Four Wire Side - A high inpedance analog input which is internally biased. 

Capacitive coupling to this input is required. AC signals appearing at this input differentially 
drive the Tip feed and Ring feed amplifiers, which in turn drive tip and ring through 

300 Ohms of feed resistance on each side of the line. 

26 

22 

C4 

Capacitor #4 - An external capacitor to be connected between this terminal and analog 
ground. This capacitor prevents false ground key indication and false ring trip detection 
from occurring when longitudinal currents are induced onto the subscriber loop from near 
proximity power lines and other noise sources. This capacitor is also required for the proper 
operation of ring trip detection. Typical value is 0.5pF, to 1 .OpF, 20V. This capicitor should 
be nonpolarized. 

27 

23 

AG 

Analog Ground - To be connected to zero potential and serves as a reference for the transmit 
output (TX) and receive input (RX) terminals. 

28 

24 

TX 

Transmit Output, Four Wire Side - A low impedance analog output which represents the 
differential voltage across Tip and Ring. Transhybrid balancing must be preformed (using 
the SLIC microcircuit’s spare op amp) beyond this output to completely implement two to four 
wire conversion. This output is unbalanced and referenced to analog ground. Since the DC level 
of this output varies with loop current, capacitive coupling to the next stage is essential. 

1,8,15,22 


NC 

No Internal Connection. 


NOTE: All grounds (AG, BG, & DG) must be applied before VB+ or VB Failure to do so may result in premature failure of the part. If a user wishes to run 
separate grounds off a line card, the AG must be applied first. 


9-73 







HC-5502A 


Applications Diagram 

TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLIC 


RING GENERATOR 



TYPICAL COMPONET VALUES 


Cl = 0.5jiF (Note 1) C5 = 0.5|jF, 20 V 

C2 = 0.1 5jiF, 10V C6 = C7 = 0.5jiF (10% Match Required) (Note 2), 20 V 

C3 = 0.3jiF,30V C8 = 0.01 \iF, 1 00V 

C4 = 0.5jiV to 1 .0 |jF, ±1 0%, 20V (Should be nonpolarized) C9 = 0.01 |iF, 20V, ±20% 

R1 -► R3 = lOOkH (0.1% Match Required, 1% absolute value), ZB = 0 for 600H Terminations (Note 2) 

RBi = RB2 = RB3 = RB4 = 150fi (0.1% Match Required, 1% absolute value) 

Rg = Ikfl, Cg = 0.1 )iF, 200V typically, depending on VRj ng and line length. 

Z1 = 150V to 200V transient protector. PTC used as ring ballast. 

NOTE 1: Cl is an optional capacitor used to improve +12V supply rejection. This pin must be left open if unused. 

NOTE 2: To obtain the specified transhybrid loss it is necessary for the three legs of the balance network, C6-R1 and R2 and C7-ZB-R3, 
to match in impedance to within 0.3%. Thus, if C6 and C7 and 1 jjF each, a 20% match is adequate. It should be noted that the 
transmit output to C6 see’s a -10.5 to -21 volt step when the loop is closed and that too large a value for C6 may produce an 
excessively long transient at the op amp output to the PCM Filter/CODEC. 

A 0.5^iF and lOOkft gives a time constant of 50msec. The uncommitted op amp output is internally clamped to stay within 
±5.5V and also has current limiting protection. 

NOTE 3: Secondary protection diode bridge recommended is MDA 220 or equivalent. 

ADDITIONAL INFORMATION IS CONTAINEDIN APPLICATION NOTE 549, "THE HC-550X TELEPHONE SLICs” 

BY GEOFF PHILLIPS 


Overvoltage Protection and 
Longitudinal Current Protection 

The SLIC device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 

The SLIC will withstand longitudinal currents up to a maxi- 
mum or 30mA RMS, 1 5mA RMA per leg, without any perfor- 
mance degradation. 


TABLE 1 


PARAMETER 

TEST 

CONDITION 

PEFORMANCE 

(MAX) 

UNITS 

Longitudinal 

Surge 

Metallic Surge 

T/GND 

R/GND 

1 0|is Rise/ 

1 0OOfiS/Fall 
lOjis Rise/ 

1 OOOp Fall 

1 0jis Rise/ 
1000ns Fall 

±1 000 (Plastic) 
±500 (Ceramic) 
±1000 (Plastic) 
±500 (Ceramic) 
±1000 (Plastic) 
±500 (Ceramic) 

VPeak 

VPeak 

VPeak 

VPeak 

VPeak 

VPeak 

50/60HZ 

Current 

T/GND 

R/GND 

700V rms 
Limited to 

1 0A rms 

11 

Cycles 
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sue 

Subscriber Line Interface Circuit 


Features 

• Pin For Pin Replacement For The HC-5502A 

• Capable of +12V or +5V (VB+) Operation 

• Monolithic Integrated Device 

• DI High Voltage Process 

• Compatible With Worldwide PBX Performance 
Requirements 

• Controlled Supply of Battery Feed Current for 
Short Loops (30mA) 

• Internal Ring Relay Driver 

• Low Power Consumption During Standby 

• Switch Hook, Ground Key and Ring Trip Detection 
Functions 

• Selective Denial of Power to Subscriber Loops 

Applications 

° Solid State Line Interface Circuit for Analog and 
Digital PBX Systems 

• Direct Inward Dial (DID) Trunks 

• Voice Messaging PBX’s 


Description 

The Harris SLIC incorporates many of the BORSHT 
function on a single 1C chip. This includes DC battery feed, 
a ring relay driver, supervisory and hybrid functions. This 
device is designed to maintain transmission performance in 
the presence of externally induced longitudinal currents. 
Using the unique Harris dielectric isolation process, the 
SLIC can operate directly with a wide range of station 
battery voltages. 

The SLIC also provides selective denial of power. If the PBX 
system becomes overloaded during an emergency, the 
SLIC will provide system protection by denying power to 
selected subscriber loops. 

The Harris SLIC is ideally suited for the design of new 
digital PBX systems, by eliminating bulky hybrid 
transformers. 

The SLIC is available in either a 24 pin Dual-in-Line Plastic 
or Ceramic package, a 28 pin PLCC package and a 24 pin 
SOIC package. 



Functional Diagram 


v RS | 



RC | 

RING 4 

LOOP 

puy 

RD 1 

I * 1 

CONTROL 

- r 

__ MONITORING 

|gkd 


GROUND KEY 
DETECTION 


|tx. transmit 

*■ OUTPUT 


P ' 

n SECO 
PROTI 


SECONDARY 

PROTECTION 



| RX, RECEIVE 
< INPUT 


SUC MICROCIRCUIT 


i 2 £ I |§ IS 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 


File Number 2884 
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Schematic 



HC-5502B SLIC 



SCHEMATIC. 






HC-5502B 


Schematic 



Die Characteristics 

Transistor Count 183 

Diode Count 33 

Die Dimensions 137x 102 mils 

Substrate Potential Connected 

Process Bipolar-DI 

Thermal Constants (°C/W) 8j a 0j C 

Ceramic DIP 52 15 

Plastic DIP 52 22 

PLCC 67 29 

SOIC 76 24 
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Specifications HC-5502B 


Absolute Maximum Ratings {Note i) Recommended Operating Conditions 

Maximum Continuous Supply Voltages (V B -) -60to+0.5V Relay Driver Voltage (Vrq) +5to+12V 

{V B +) .... -0.5 to + 1 5 V Positive Supply Voltage (V B +) 4.75 to 5.25V or 1 0.8 to 1 3.2V 

(V B +-V B -) +75V Negative Supply Voltage(V B -) -42 to -58V 

Relay Drive Voltage (Vr B ) ~0.5to+15V High Level Logic Input Voltage 2.4V 

Storage Temperature Range -65°C to +1 50°C Low Level Logic Input Voltage 0.6V 

Junction Temperature Ceramic +1 75°C Loop Resistance (R[_) 200 to 1 200 Ohms 

Junction Temperature Plastic +1 50°C Operating Temperature Range 

HC-5502B-5 0°Cto+75°C 

HC-5502B-9 -40°Cto+85OC 

Electrical Specifications Unless Otherwise specified, V B - = -48V, V B + = +1 2V and +5V, AG = BG = DG = 0V, 

Typical Parameters T^ = +25°C. Min-Max Parameters are Over Operating Temperature Range. 



* iLong = Longitudinal Current 

NOTE: 1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the 
circuit may be impaired. Functional operability under any of these conditions is not necessarily implied. 
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Specifications HC-5502B 



Electrical Specifications (Continued) 


Insertion Loss 

2 Wire - 4 Wire, 4 Wire - 2 Wire 


Frequency Response 


Idle Channel Noise 
2 Wire - 4 Wire, 4 Wire - 2 Wire 

Absolute Delay 

2 Wire - 4 Wire, 4 Wire - 2 Wire 
Trans Hybrid Loss 


Overload Level 

2 Wire - 4 Wire, 4 Wire - 2 Wire 


Level Linearity 

2 Wire - 4 Wire, 4 Wire - 2 Wire 


Power Supply Rejection Ratio 
V B + to 2 Wire 
V B + to Transmit 
V B - to 2 Wire 
V B - to Transmit 
V B + to 2 Wire 
V B + to Transmit 
V B - to 2 Wire 
V B - to Transmit 


Logic ‘O' Vjl 
L ogic ‘1’ V|H 


Logic Outputs 
Logic ‘O’ Vql 

Logic ‘I’V qh 


CONDITIONS 


at 1 kHz, OdBm Input Level, Referenced 6000 



V B + = +5V 
V B + = +1 2V 


at 1kHz, (Note 2) 
+3 to -40dBm 
-40to-50dBm 
-50 to-55dBm 


0V< V| N < + 5V 


■load 800mA, V B + = +1 2 V, +5V 
■LOAD 80jjA, V B + = +1 2V 
■LOAD 40pA, V B + = +5V 


Uncommitted Op Amp Specifications 


PARAMETER 


Input Offset Voltage 


Input Offset Current 


Input Bias Current 


Differential Input Resistance 
Output Voltage Swing 


Output Resistance 


Small Signal GBW 


CONDITIONS 



R L = 10K,V b + = +12V 
R L = 10K,V B + = +5V 


Avcl = 1 (Note 2) 


(Note 2) 


NOTE: 2. These parameters are controlled by design or process parameters and are not directly tested. These 

parameters are characterised upon initial design release, upon design changes which would affect these 
characteristics, and at intervals to assure product quality and specification compliance. 
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Pin Assignments HC-5502B 


28 PIN 
PLCC 

24 PIN 
DIP 

SYMBOL 

DESCRIPTION 

2 


TIP 

An analog input connected to the TIP (more positive) side of the subscriber loop through a 1 500 
feed resistor and a ring relay contact. Functions with the Ring terminal to receive voice signals from 
the telephone and for loop monitoring process. 

3 


RING 

An analog input connected to the RING (more negative) side of the subscriber loop through a 

1 50n feed resistor and a ring relay contact. Functions with the Tip terminal to receive voice signals 
from the telephone and for loop monitoring purposes. 

4 


v B + 

Positive Voltage Source - Most positive supply. V B + is typically 1 2 volts or 5 volts. 

5 


Cl 

Capacitor #1 - Optional Capacitor used to improve power supply rejection. This pin should 
be left open if unused. 

6 

5 

C3 

Capacitor #3 - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function, and for filtering V B - 
supply. Typical value is 0.3^iF, 30V. 

7 

6 

DG 

Digital Ground - To be connected to zero potential and serves as a reference for all digital 
inputs and outputs on the SLIC. 

9 

7 

RS 

Ring Synchronization Input - A TTL - compatible clock input. The clock should be arranged such that 
a positive transition occurs on the negative going zero crossing of the ring voltage source, 
ensuring that the ring relay is activated and deactivated when the instantaneous ring voltage 
is near zero. If synchronization is not required, tie to +5V. 

10 

8 

RD 

Relay Driver - A low active open collector logic output. When enabled, the external ring relay 
is energized. 

11 

9 

TF 

Tip Feed - A low impedance analog output connected to the TIP terminal through a 1 500 feed 
resistor. Functions with the RF terminal to provide loop current, feed voice signals to the 
telephone set, and sink longitudinal current. 

12 

10 

RF 

Ring Feed - A low impedance analog output connected to the RING terminal through a 1 500 feed 
resistor. Functions with the TF terminal to provide loop current, feed voice signal to the 
telephone set, and sink longitudinal current. 

13 

11 

v B - 

Negative Voltage Source - Most negative supply. V B - is typically -48 volts with an operational 
range of -42 to -58 volts. Frequently referred to as “battery”. 

14 

12 

BG 

Battery Ground - To be connected to zero potential. All loop current and some quiescent current 
flows into this ground terminal. 

16 

13 

SHD 

Switch Hook Detection - A low active LS TTL - compatible logic output. This output is enabled 
for loop currents exceeding 1 0mA and disabled for loop currents less than 5mA. 

17 

14 

GKD 

Ground Key Detection - A low active LS TTL - compatible logic output. This output is enabled 
if the DC current into the ring lead exceeds the DC current out of the tip lead by more than 

20mA, and disabled if this current difference is less than 1 0mA. 

18 

15 

PD 

Power Denial - A low active TTL - Compatible logic input. When enabled the switch hook detect (SHD) 
and ground key detect (GKD) are not necessarily valid, and the relay driver (RD) output is disabled. 

19 

16 

RC 

Ring Command - A low active TTL - Compatible logic input. When enabled, the relay driver (RD) 
output goes low on the next rising edge of the ring sync (RS) input, as long as the SLIC is not 
in the power denial state (PD = 0) or the subscriber is not already off- hook (SHD = 0). 

20 

17 

C2 

Capacitor #2 - An external capacitor to be connected between this terminal and digital ground. 

Prevents false ground key indications from occuring during ring trip detection. Typical value 
is 0.1 5^F, 1 0V. This capacitor is not used if ground key function is not required. 

21 

18 

OUT 

The analog output of the spare operational amplifier. 

23 

19 

-IN 

The inverting analog input of the spare operational amplifier. 

24 

20 

+IN 

The non-inverting analog input of the spare operational amplifier. 

25 

21 

RX 

Receive Input, Four Wire Side - A high impedance analog input which is internally biased. 

Capacitive coupling to this input is required. AC signals appearing at this input differentially 
drive the Tip feed and Ring feed amplifiers, which in turn drive tip and ring through 

300 Ohms of feed resistance on each side of the line. 

26 

22 

C4 

Capacitor #4 - An external capacitor to be connected between this terminal and analog 
ground. This capacitor prevents false ground key indication and false ring trip detection 
from occurring when longitudinal currents are induced onto the subscriber loop from near 
by power lines and other noise sources. This capacitor is also required for the proper 
operation of ring trip detection. Typical value is 0.5|iF, to 1 .OpF, 20V. This capacitor should 
be nonpolarized. 

27 

23 

AG 

Analog Ground - To be connected to zero potential and serves as a reference for the transmit 
output (TX) and receive input (RX) terminals. 

28 

24 

TX 

Transmit Output, Four Wire Side - A low impedance analog output which represents the 
differential voltage across Tip and Ring. Transhybrid balancing must be performed (using 
the SLIC microcircuit’s spare op amp) beyond this output to completely implement two to four 
wire conversion. This output is unbalanced and referenced to analog ground. Since the DC level 
of this output varies with loop current, capacitive coupling to the next stage is essential. 

1 ,8,5,22 


NC 

No Internal Connection. 


NOTE: All grounds (AG, BG, & DG) must be applied before V3+ or Vg-. Failure to do so may result in premature failure of the part. If a user wishes to run 
separate grounds off a line card, the AG must be applied first. 
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HC-5502B 


Applications Diagram 1 

TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLIC 



Cl = 0.5pF (Note 1) 

C2 = 0.1 5pF, 10V 
C3 = 0.3pF,30V 

C4 = 0.5fiV to 1 .OfiF, ±1 0%, 20V (Should be nonpolarized) 


C5 = 0.5pF, 20V 

C6 = C7 = 0.5pF (10% Match Required) (Note 2), 20V 
C8 = 0.01 mF, 100V 
C9 = 0.01 pF, 20 V, ±20% 


R1 = R2 = R3 = lOOkfl (0.1% Match Required, 1% absolute value), ZB = 0 for 6000 Terminations (Note 2) 
RB-j = RB2 = RB3 = RB4 = 1500 (0.1% Match Required, 1% absolute value) 

Rg = Ikfl, Cs = 0.1 pF, 200V typically, depending on VRj ng and line length. 

Z1 = 150V to 200V transient protector. PTC used as ring ballast. 


NOTE 1: Cl is an optional capacitor used to improve Vb+ supply rejection. This pin must be left open if unused. 

NOTE 2: To obtain the specified transhybrid loss it is necessary for the three legs of the balance network, C6-R1 and R2 and C7-ZB-R3, 
to match in impedance to within 0.3%. Thus, if C6 and C7 and 1 pF each, a 20% match is adequate. It should be noted that the 
transmit output to C6 see’s a -10.5 to -21 volt step when the loop is closed and that too large a value for C6 may produce an 
excessively long transient at the op amp output to the PCM Filter/CODEC. 

A 0.5pF and lOOkfl gives a time constant of 50msec. The uncommitted op amp output is internally clamped to stay within 
±5.5V and also has current limiting protection. 

NOTE 3: Secondary protection diode bridge recommended is 2A, 200V type. 

ADDITIONAL INFORMATION IS CONTAINED IN APPLICATION NOTE 549, “THE HC-550X TELEPHONE SLICs” 

BY GEOFF PHILLIPS 


Overvoltage Protection and 
Longitudinal Current Protection 

The SLIC device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 

The SLIC will withstand longitudinal currents up to a 
maximum or 30mA RMS, 15mA RMS per leg, without any 
performance degradation. 


TABLE 1. 


PARAMETER 

TEST 

CONDITION 

PEFORMANCE 

(MAX) 

UNITS 

Longitudinal 

Surge 

lOfis Rise/ 
lOOOps/Fall 

±1 000 (Plastic) 

±500 (Ceramic) 

VPeak 

VPeak 

Metallic Surge 

1 0ps Rise/ 

1000m Fall 

±1000 (Plastic) 

±500 (Ceramic) 

VPeak 

VPeak 

T/GND 

R/GND 

1 0ps Rise/ 

1000ms Fall 

±1 000 (Plastic) 

±500 (Ceramic) 

VPeak 

VPeak 

50/60HZ 

Current 

T/GND 

R/GND 

700V rms 

Limited to 

1 0A rms 

11 

(Plastic) 

Cycles 
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33 Harris HC-5504 

SLIC 

August 1991 Subscriber Line Interface Circuit 


Features 

• Monolithic Integrated Device 

• Dl High Voltage Process 

• Compatible With Worldwide PBX Performance 
Requirements 

• Controlled Supply of Battery Feed Current for Short 
Loops (41mA) 

• Internal Ring Relay Driver 

• Allows Interfacing With Negative Superimposed 
Ringing Systems 

• Low Power Consumption During Standby 

• Switch Hook Ground Key and Ring Trip Detection 
Functions 

• Selective Denial of Power to Subscriber Loops 


Description 

The Harris SLIC incorporates many of the BORSHT 
functions on a single 1C chip. This includes DC battery feed, 
a ring relay driver, supervisory and hybrid functions. This 
device is designed to maintain transmission performance in 
the presence of externally induced longitudinal currents. 

The SLIC also provides selective denial of power. If the PBX 
system becomes overloaded during an emergency, the 
SLIC will provide system protection by denying power to 
selected subscriber loops. 

The Harris SLIC is ideally suited for the design of new PBX 
systems, by eliminating bulky hybrid transformers. 

SLIC is available in either a 24 pin Dual-in-Line Plastic or 
Ceramic package and a 28 pin PLCC package. 


Applications 

• Solid State Line Interface Circuit for Analog and 
Digital PBX Systems 

• Direct Inward Dial (DID) Trunks 

• Voice Messaging PBXs 


Pinouts 

HC4P5504 
(PLCC) 
TOP VIEW 


HC-5504 

(CERAMIC/PLASTIC DIP) 
TOP VIEW 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2885 
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HC-5504 


VOLTAGE & CURRENT 
BIAS NETWORK 



SWITCH HOOK DETECTOR 


VBAT/2 reference 

Vb2 I 


q D27 I i -JQD28 


LOOPCURRENT LIMITING 



Die Characteristics 



Transistor Count 


181 

Diode Count 


27 

Die Dimensions 


169x112 

Substrate Potential 


. . Unconnected 

Process 


Bipoiar-DI 

Thermal Constants (°C/W) 

Gja 

6jc 

Ceramic DIP 

51 

16 

Plastic DIP 

52 

24 
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Specifications HC-5504 


Absolute Maximum Ratings (Note i) 

Recommended Operating Conditions 

Maximum Continuous Supply Voltages (Vr-) -60 to +0.5 V 

Relay Driver Voltage (Vrd) 

+5 to +12V 


(Vb+) .... -0.5 to +1 5 V 

Positive Supply Voltage (V B +) 

10.8 to 13.2V 


(V B +-V B -) +75V 

Negative Supply Voltage(V B -) 

-42 to -58V 

Relay Drive Voltage (Vrd) 

-0.5 to + 15V 

Minimum High Level Logic Input Voltage 

2.4V 

Storage Temperature Range 

-65°C to 1 50°C 

Maximum Low Level Logic Input Voltage 

0.6V 

Junction Temperature 

175°C 

Loop Resistance (Rl) 

.200 to 1200 Ohms 



Operating Temperature Range 




HC-5504-5 -7 

0°C to +75°C 



HC-5504-9 

.. -40°C to +85°C 

Electrical Specifications 

Unless Otherwise Specified, V B - 

■ = -48V, V B + = +1 2V, AG = BG = DG = 0V, 



Typical Parameters +25°C. Min- 

-Max Parameters are Over Operating Temperature Range. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

On Hook Power Dissipation 

•Long = 0 

- 

135 

Off Hook Power Dissipation 

R LINE = 600 Ohms, li_ ong = 0 

- 

390 

Off Hook IB+ 

RLINE = 600 Ohms, l[_ong = 0 @ -40°C 

- 

- 

Off Hook IB+ 

RUNE = 600 Ohms, l[_ong - 0 @ +25°C 

- 

- 

Off Hook IB- 

R LINE = 600 Ohms, l|_ong = 0 

- 

35 

Off Hook Loop Current 

r LINE = 1 200 Ohms, li_ 0 ng = 0 

- 

21 

Off Hook Loop Current 

r LINE = 1 200 Ohms, V B - = -42V, l[_ong = 0 

T A = +250C 

17.5 

~ 

Off Hook Loop Current 

Fault Currents 

r LINE = 200 Ohms, l[_ ong = 0 

36 

41 

TIP to Ground 


- 

14 

RING to Ground 


- 

63 

TIP to RING 


- 

41 

TIP and RING to Ground 


- 

63 

Ring Relay Drive Vql 

•OL — 62mA 

- 

0.2 

Ring Relay Driver Off Leakage 

Vr D = +1 2V, RC = 1 = HIGH, T A = 25°C 

- 

- 

Ring Rrip Detection Period 

R LINE = 600 Ohms 

- 

2 

Switch Hook Detection Threshold 

shd=v ol 

10 

- 


SHD=Vqh 

- 

- 

Ground Key Detection Threshold 

GKD = V 0 L 

20 

- 


gkd = v oh 

- 

- 

Loop Current During Power Denial 


- 

±2 

Dial Pulse Distortion 


0 

- 

Receive Input Impedance 


- 

90 

Transmit Output Impedance 

Two Wire Return Loss 

(Return Loss Referenced to 6000 +2.16 |jF) 

- 

5 

SRLLO 


- 

15.5 

ERL 


- 

24 

SRLHI 


- 

31 

Longitudinal Balance 

1 V Peak-Peak 200Hz - 3400Hz 




0°C<T A <+75OC 



2 Wire Off Hook 


58 

65 

2Wire On Hook 


60 

63 

4 Wire Off Hook 


50 

58 

Low Frequency Longitudinal Balance 

R.E.A. Method, 0<>C <T A <+75°C 

- 

- 


1 

- 

- 



mA 

mA 

mA 

mA 

V 

HA 

Ring Cycles 
mA 
mA 
mA 



NOTES: 1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceablity of the 
circuit may be impaired. Functional operability under any of these conditions is not necessarily implied. 
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Specifications HC-5504 


Electrical Specifications (Continued) 


PARAMETERS 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Insertion Loss 

@1 kHz, OdBm Input Level 





2 Wire -4 Wire 


- 

±0.05 

±0.2 

dB 

4 Wire - 2 Wire 


- 

±0.05 

±0.2 

dB 

Frequency Response 

200 - 3400Hz Referenced to Absolute 

- 

±0.02 

±0.05 

dB 


Loss at 1 kHz and OdBm Signal Level 

0 °C <T a <75°C 





Idle Channel Noise 

0° c < t A<75°C 

- 




2 Wire -4 Wire 

- 

1 

5 

dBrnC 



- 

-89 

-85 

dBmOp 

4 Wire -2 Wire 


- 

1 

5 

dBrnC 



- 

-89 

-85 

dBmOp 

Absolute Delay 

0°C <T A <75°C 





2 Wire -4 Wire 

- 

- 

2 

MS 

4 Wire - 2 Wire 


- 

- 

2 

MS 

Trans Hybrid Loss 

Balance Network Set Up for 600 Ohm 
Termination at 1kHz 

36 

40 

- 

dB 

Overload Level 

0°C<T a <75°C 





2 Wire - 4 Wire 


1.75 

- 

- 

Vpeak 

4 Wire - 2 Wire 

Level Linearity 

at1kHz,0°C<T A <75°C 

1.75 

” 


Vpeak 

2 Wire - 4 Wire 

+3 to -40dBm 

- 

- 

±0.05 

dB 


-40 to -50dBm 

- 

- 

±0.1 

dB 


-50 to -55dBm 

- 

- 

±0.3 

dB 

4 Wire - 2 Wire 

+3 to -40dBm 

- 

- 

±0.05 

dB 


-40 to-50dBm 

- 

- 

±0.1 

dB 


-50 to-55dBm 

- 

- 

±0.3 

dB 

Power Supply Rejection Ratio 

0°C<T A <75°C 





Vg+ to 2 Wire 

30-60Hz,R L |NE = 600n 

15 

- 

- 

dB 

Vb+ to Transmit 


15 

- 

- 

dB 

V0- to 2 Wire 


15 

- 

- 

dB 

Vg-to Transmit 


15 

- 

- 

dB 

Vg+ to 2 Wire 

200 - 1 6kHz 

30 

- 

- 

dB 

Vg+to Transmit 

RLINE = 6000 

30 

- 

- 

dB 

Vg- to 2 Wire 


30 

- 

- 

dB 

Vq- to Transmit 


30 

- 

- 

dB 

Logic Input Current (RS, RC, PD) 

Logic Inputs 

OV<VIN<5V 


” 

±100 

MA 

Logic ‘0‘ V|| 


- 

- 

0.8 

Volts 

Logic ‘1 ‘ V|h 

Logic Outputs 


2.0 

- 

5.5 

Volts 

Logic ‘0 ‘ Vql 

■LOAD 800(jA 

- 

0.1 

0.5 

Volts 

Logic ‘1 ‘ Vqh 

ILOAD 80[iA 

2.7 

5.0 

5.5 

Volts 


Uncommitted Op Amp Specifications 
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Pin Assiginments HC-5504 



28 PIN 

24 PIN 



■ 


PLCC 

DIP 

SYMBOL 

DESCRIPTION 

i 


2 

1 

TIP 

An analog input connected to the TIP (more positive) side of the subscriber loop through a 1 500 
feed resistor and a ring relay. Functions with the Ring terminal to receive voice signals from 
the telephone and for loop monitoring purposes. 



3 

2 

RING 

An analog input connected to the RING (more negative) side of the subscriber loop through a 

1 500 feed resistor. Functions with the Tip terminal to receive voice signals from the telephone 
and for loop monitoring purposes. 



4 

3 

RFS 

Senses ring side of loop for. ground key and ring trip detection. During ringing, the ring signal 
is inserted into the line at this node and RF is isolated from RFS via a relay. 



5 

4 

v B + 

Positive Voltage Source - Most positive supply. V B + is typically 1 2 volts with an operational 
range of 1 0.8 to 1 3.2 volts. 



6 

5 

C3 

Capacitor #3 - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function, and for filtering V B -. 

Typical value is 0.3 |jF, 30V. 



7 

6 

DG 

Digital Ground - To be connected to zero potential and serves as a reference for all digital 
inputs and outputs on the SLIC microcircuit. 



9 

7 

RS 

Ring Synchronization Input - A TTL - compatible clock input. The clock is arranged such that 
a positive pulse (50 -500ns) occurs on the zero crossing of the ring voltage source, as it 
appears at the RFS terminal. For Tip side injected systems, the RS pulse should occur on the • 
negative going zero crossing and for Ring injected systems, on the positive going zero crossing. 

This ensures that the ring relay activates and deactivates when the instantaneous ring voltage 
is near zero. If synchronization is not required, the pin should be tied to +5V. 



10 

8 

RD 

Relay Driver - A low active open collector logic output. When enabled, the external ring relay 
is energized. 



11 

9 

TF 

Tip Feed - A low inpedance analog output connected to the TIP terminal through a 1 50H feed 
resistor. Functions with the RF terminal to provide loop current, feed voice signals to the 
telephone set, and sink longitudinal current. 



12 

10 

RF 

Ring Feed - A low impedance analog output connected to the RING terminal through a 1 50 H feed 
resistor. Functions with the TF terminal to provide loop current, feed voice singals to the 
telephone set, and sink longitudinal currents. 



13 

11 

v B - 

Negative Voltage Source - Most negative supply. V B - is typically -48 volts with an operational 
range of -42 to -58 volts. Frequently referred to as ’’battery". 



14 

12 

BG 

Battery Ground - To be connected to zero potential. All loop current and some quiescent current 






flows into this ground terminal. 



16 

13 

SHD 

Switch Hook Detection - A low active LS TTL - compatible logic output. This output is enabled 
for loop currents exceeding 1 0mA and disabled for loop currents less than 5mA. 



17 

14 

GKD 

Ground Key Detection - A low active LS TTL - compatible logic output. This output is enabled 
if the DC current into the ring lead exceeds the DC current out of the tip lead by more than 

20mA, and disabled if this current difference is less than 1 0mA. 



18 

15 

PD 

Power Denial - A low active TTL - Compatible logic input. When enabled, the switch hook detect 
(SHD) and ground key detect (GKD) are not necessarily valid, and the relay driver (RD) . 






output is disabled. 



19 

16 

RC 

Ring Command - A low active TTL - Compatible logic input. When enabled, the relay driver (RD) 
output goes low on the next high level of the ring sync (RS) input, as long as the SLIC is not 
in the power denial state (PD = 0) or the subecriber is not already off- hook (SHD = 0). 



20 

17 

C2 

Capacitor #2 - An external capacitor to be connected between this terminal and digital ground. 
Prevents false ground key indications from occuring durring ring trip detection. Typical value 
is 0.1 5|jF, 1 0 V. This capacitor is not used if ground key function is not required and (Pin 1 7) 
may be left open or connected to digital ground. 



21 

18 

OUT 

The analog output of the spare operational amplifier. The output voltage swing is typically ±5 V. 



23 

19 

-IN 

The inverting analog input of the spare operational amplifier. 



24 

20 

+IN 

The non-inverting analog input of the spare operational amplifier. 



25 

21 

RX 

Receive Input, Four Wire Side - A high inpedance analog input which is internally biased. 

Capacitive coupling to this input is required. AC signals appearing at this input differentially 
drive the Tip feed and Ring feed terminals, which in turn drive tip and ring through 

300 Ohms of feed resistance on each side of the line. 



26 

22 

C4 

Capacitor #4 - An external capacitor to be connected between this terminal and analog 
ground. This capacitor prevents false ground key indication and false ring trip detection 
from occurring when longitudinal currents are induced onto the subscriber loop from near 
proximity power lines and other noise sources. This capacitor is also required for the proper 
operation of ring trip detection. Typical value is 0.5(iF, to 1 .0 |jF, 20 V. This capicitor should 
be nonpolarized. 



27 

23 

AG 

Analog Ground - To be connected to zero potential and serves as a reference for the transmit 
output (TX) and receive input (RX) terminals. 



28 

24 

TX 

Transmit Output, Four Wire Side - A low impedance analog output which represents the 
differential voltage across Tip and Ring. Transhybrid balancing must be preformed (using 
the SLIC microcircuit’s spare op amp) beyond this output to completely implement two to four 
wire conversion. This output is unbalanced and referenced to analog ground. Since the DC level 
of this output varies with loop current, capacitive coupling to the next stage is essential. 



1,8,15,22 


NC 

No Internal Connection. 



NOTE: All grounds (AG, BG, & DG) must be applied before VB+ or VB-. Failure to do so may result in premature failure of the part. If a user wishes to run 
separate grounds off a line card, the AG must be applied first. 
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HC-5504 


Applications Diagram 

TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLIC 



SYSTEM CONTROLLER 

[is fll 

I” 

±l 

TT 

POWER SWITCH 

GROUND 

RING RING 

DENIAL HOOK 

KEY 

SYNC 

CMO 

RD ° ETECT 

DETECT 






KX 


SLIC 

HC-5504 


TX 

TIP FEED 


"" 



OP AMP ■ 

-IN 




.OUT 

RING FEED SENSE 


C2 




C3 

NEG. BATT. 

DIG 

ANA 

C4 

BATT. GND. 

GND 

GND ' 

YB+ 


BALANCE NETWORK 


"Tn fTi [T 
•k rh 



TYPICAL COMPONENT VALUES 

C2 = 0.1 5(iF, 10V C6 = C7 = 0.5(iF (1 0% Match Required) (Note 2) 

C3 = 0.3(iF, 30 V C8 = 0.01 pF, 1 00V 

C4 = 0.5pF to 1 .OpF, 1 0%, 20V (Should be nonpolarized) C9 = 0.01 pF, 20 V, ±20% 

C5 = 0.5pF, 20 V 


R1 = R2 = R3 = 100k (0.1% Match Required, 1% absolute value) ZB = 0 for 6000 Terminations (Note 2) 

RB-| = RB2 = RB3 = RB4 = 1500 (0.1% Match Required, 1% absolute value) 

R S 1 = RS2 =1kO, typically. 

Csi = Cs2 = 0.1 pF, 200V typically, depending on Vring ar| d *' ne length. 

Z-| = 1 50V to 200V transient protection. 

PTC used as ring generator ballast. 

NOTE 1: Secondary protection diode bridge recommended is an MDA 220 or equivalent. 

NOTE 2: To obtain the specified transhybrid loss it is necessary for the three legs of the balance network, C6-R1 and R2 and C7-ZB-R3, 
to match in impedance to within 0.3%. Thus, if C6 and C7 and 1 pF each, a 20% match is adequate. It should be noted that the 
transmit output to C6 see’s a -22V step when the loop is closed. Too large a value for C6 may produce an excessively long tran- 
sient at the op amp output to the PCM Filter/CODEC. 

A 0.5pF and lOOkH gives a time constant of 50msec. The uncommitted op amp output is internally clamped to stay within 
±5.5V and also has current limiting protection. 

ADDITIONAL INFORMATION IS CONTAINED IN APPLICATION NOTE 549, “THE HC-550X TELEPHONE SLICs” 

BY GEOFF PHILLIPS 


Overvoltage Protection and 
Longitudinal Current Protection 

The SLIC device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 

The SLIC will withstand longitudinal currents up to a maxi- 
mum or 30mA RMS, 1 5mA RMA per leg, without any perfor- 
mance degradation. 


TABLE 1 


PARAMETER 

TEST 

CONDITION 

PEFORMANCE 

(MAX) 

UNITS 

Longitudinal 

Surge 

1 0|js Rise/ 
1000|js/Fall 

±1000 (Plastic) 
±500 (Ceramic) 

V Peak 

V Peak 

Metallic Surge 

1 0|js Rise/ 
1000(j Fall 

±1000 (Plastic) 
±500 (Ceramic) 

V Peak 

V Peak 

T/GND 

R/GND 

10|isRise/ 

1 000 (is Fall 

±1000 (Plastic) 
±500 (Ceramic) 

V Peak 

V Peak 

50/60Hz 

Current 




T/GND 

R/GND. 

700 V rms 
Limited to 

1 0A rms 

11 

Cycles 



9-87 


TELECOM 





3) HARRIS 


August 1991 


HC-5504B 

SLIC 

Subscriber Line Interface Circuit 


Features 

• Pin for Pin Replacement for the HC-5504 

• Capable of +5V or +12V (VB+) Operation 

• Monolithic Integrated Device 

• Dl High Voltage Process 

• Compatible With Worldwide PBX Performance 
Requirements 

• Controlled Supply of Battery Feed Current for Short 
Loops (41mA) 

• Internal Ring Relay Driver 

• Allows Interfacing With Negative Superimposed 
Ringing Systems 

• Low Power Consumption During Standby 

• Switch Hook Ground Key and Ring Trip Detection 
Functions 

• Selective Denial of Power to Subscriber Loops 

Applications 

• Solid State Line Interface Circuit for Analog and 
Digital PBX Systems 

• Direct Inward Dial (DID) Trunks 

• Voice Messaging PBXs 


Description 

The Harris SLIC incorporates many of the BORSHT 
functions on a single 1C chip. This includes DC battery feed, 
a ring relay driver, supervisory and hybrid functions. This 
device is designed to maintain transmission performance in 
the presence of externally induced longitudinal currents. 
Using the unique Harris dielectric isolation process, the 
SLIC can operate directly with a wide range of station 
battery voltages. 

The SLIC also provides selective denial of power. If the PBX 
system becomes overloaded during an emergency, the 
SLIC will provide system protection by denying power to 
selected subscriber loops. 

The Harris SLIC is ideally suited for the design of new digital 
PBX systems, by eliminating bulky hybrid transformers. 

The SLIC is available in either a 24 pin Dual-in-Line Plastic 
or Ceramic package a 28 pin PLCC package, and a 24 pin 
SOIC package. 


Pinouts 

HC1-5504B (24 PIN CERAMIC DIP) 
HC3-5504B (24 PIN PLASTIC DIP) 
HC9P5504 (SOIC) 

TOP VIEW 



HC4P5504B (PLCC) 
TOP VIEW 



Functional Diagram 



! GROUND KEY 
DETECTION 


I RX, RECEIVE 
■ INPUT 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 


File Number 2886 
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HC-5504B 


Schematic 
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Specifications HC-5504B 


Absolute Maximum Ratings (Note i) 


Recommended Operating Conditions 


Maximum Continuous Supply Voltages (V B ~) -60 to +0.5 V 

(V B +) .... -0.5 to +1 5 V 

(V B +-V B -) +75V 

Relay Drive Voltage (Vrq) -0.5 to +1 5V 

Storage Temperature Range -65°C to 1 50°C 

Junction Temperature Ceramic +175°C 

Junction Temperature Plastic +150°C 


Relay Driver Voltage (Vrq) +5 to +1 2V 

Positive Supply Voltage (V B +) 4.75 to 5.25 or 1 0.8 to 1 3.2V 

Negative Supply Voltage(V B -) -42 to -58V 

High Level Logic Input Voltage 2.4V 

Low Level Logic Input Voltage 0.6V 

Loop Resistance (R|_) 200 to 1 200 Ohms 

Operating Temperature Range 

HC-5504B-5 0°Cto+75OC 

HC-5504B-9 -40°Cto+85OC 


Electrical Specifications Unless Otherwise Specified, V B - = -48V, V B + = +12V and +5V, AG = BG = DG = 0V, 

Typical Parameters T A = +25°C. Min-Max Parameters are Over Operating Temperature Range. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

On Hook Power Dissipation 

«Long* = 0.VB+ =+12V 

- 

I 


mW 

Off Hook Power Dissipation 

RL = 600 Ohms, iLong* = 0. V B+ = + 1 2V 

- 




Off Hook IB+ 

R[_ — 600 Ohms, l|_ong* “ Ta — — 40®C 

- 

- 

6.0 

mA 

Off Hook IB+ 

R L = 600 Ohms, ^ong* = 0. T A = +25°C 

- 

- 


mA 

Off Hook IB- 

R[_ = 600 Ohms, l Long* = ^ 

- 

35 

41 

mA 

Off Hook Loop Current 

Rl_ = 1 200 Ohms, l(_ong* ~ 0 

- 

21 

- 

mA 

Off Hook Loop Current 

R L = 1 200 Ohms, V B - = -42V, l Long * = 0 

T a = +25°C 


' 

' 

mA 

Off Hook Loop Current 

R[_ = 200 Ohms, l|_ong* = 0 

36 

41 

48 

mA 

Fault Currents 


MBS 




TIP to Ground 


■ 

14 

Ij|B 


RING to Ground 


1 

55 



TIP to RING 


H . ' 

41 


|^^B 

TIP and RING to Ground 



55 


mm 

Ring Relay Drive Vql 

lOL = 62mA 


0.2 

0.5 

V 

Ring Relay Driver Off Leakage 

Vrd = +1 2V, RC = 1 = HIGH, T A = +250C 

- 

- 

100 

pA 

Ring Trip Detection Period 

R|_ = 600 Ohms 

- 

2 

3 

Ring Cycles 

Switch Hook Detection Threshold 

SHD = V OL 

10 

■ 


mA 


shd = v oh 

- 

n 


mA 

Ground Key Detection Threshold 

gkd = v ol 

20 

■SM 

- 

mA 


GKD=Vqh 

- 

B 

10 

- 

Loop Current During Power Denial 

RL = 200 Ohms 

- 

±2 

- 

mA 

Dial Pulse Distortion 


0 

- 

5 

ms 

Receive Input Impedance 

(Note 2) 

- 

110 

" 

kOhms 

Transmit Output Impedance 

(Note 2) 

- 

10 

20 

Ohms 

Two Wire Return Loss 

(Referenced to 6000 +2.1 6 |jF), (Note 2) 

■ ■ 



^■1 

SRLLO 



15.5 


KS 

ERL 


B 

24 

: B 

n 

SRLHI 


B 

31 

wm 

dB 

Longitudinal Balance 

1 V RMS 200Hz - 3400Hz, (Note 2) 



B 


2 Wire Off Hook 

IEEE Method 

58 

65 


dB 

2 Wire On Hook 


60 

63 

. 

dB 

4 Wire Off Hook 

0°C < T A < +75°C 

50 

58 

- 

dB 

Low Frequency Longitudinal Balance 

R.E.A. Method, (Note 2), Rl= 600 

mm 


23 

dBrnC 


0°C < T A < +7 5°C 

II 

HH 

-67 

dBmOp 


* *Long = Longitudinal Current 


NOTE: 1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the 
circuit may be impaired. Functional operability under any of these conditions is not necessarily implied. 
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Specifications HC-5504B 


Electrical Specifications (Continued) 


PARAMETERS 

CONDITIONS 

MIN | 

TYP 

MAX 

UNITS 

Insertion Loss 

at 1 kHz, OdBm Input Level, Referenced 600fl 





2 Wire - 4 Wire, 4 Wire - 2 Wire 



±0.05 

±0.2 

dB 

Frequency Response 

200 - 3400Hz Referenced to Absolute 

■ 

±0.02 

±0.05 

dB 


Loss at 1 kHz and OdBm Signal Level (Note 2) 

mm 




Idle Channel Noise 

(Note 2) 





2 Wire - 4 Wire, 4 Wire - 2 Wire 


1 

1 

5 

dBrnC 




-89 

-85 

dBmOp 

Absolute Delay 

(Note 2) 





2 Wire - 4 Wire, 4 Wire - 2 Wire 


- 

- 

2 

ps 

Trans Hybrid Loss 

Balance Network Set Up for 6000 

36 

40 


dB 


Termination at 1kHz 



Hi 


Overload Level 

V B + = +5V 

1.5 


■ 

Vpeak 

2 Wire - 4 Wire, 4 Wire - 2 Wire 

V B + = +12V 

1.75 

- 

1 

Vpeak 

Level Linearity 

at 1kHz, (Note 2) 

HHHf 

■ 


■■ 

2 Wire - 4 Wire, 4 Wire - 2 Wire 

+3 to -40dBm 


■ 1 

±0.05 

HI 


-40to-50dBm 



±0.1 

HI 


-50 to-55dBm 

hH 

IB 

±0.3 

dB 

Power Supply Rejection Ratio 

(Note 2) 





V B + to 2 Wire 

30 - 60Hz, Rl = 6000 

15 

- 

- 

dB 

V B + to Transmit 


15 

- 

- 

dB 

V B - to 2 Wire 


15 

- 

- 

dB 

V B - to Transmit 


15 

- 

- 

dB 

V B + to 2 Wire 

200 -16kHz 

ia 



dB 

V B + to Transmit 

RL = 6000 

wm 

1 

I I 

dB 

V B - to 2 Wire 


30 

I 

1 

dB 

V B - to Transmit 


30 

i 


dB 


0V< V|n< + 5V 

- 


±100 

MA 

Logic Inputs 






Logic ‘O’ V||_ 


- 

1 

0.8 

Volts 

Logic ‘1 ’ V|h 


2.0 


5.5 

Volts 

Logic Outputs 


mm 




Logic ‘O’ Vql 

•load 800pA, V B + = +1 2V, +5V 


0.1 

0.5 

Volts 

Logic ‘1 ’Vqh 

ILOAD 80pA, V B + = +1 2 V 


5.0 

5.5 

Volts 


■LOAD 40pA, V B + = +5V 


- 

5.0 

Volts 


Uncommitted Op Amp Specifications 



NOTE: 2. These parameters are controlled by design or process parameters and are not directly tested. These 
parameters are characterised upon initial design release, upon design changes which would affect these 
characteristics, and at intervals to assure product quality and specification compliance. 
























































































Pin Assignments HC-5504B 


28 PIN 
PLCC 

24 PIN 
DIP 

SYMBOL 

DESCRIPTION 

2 

1 

TIP 

An analog input connected to the TIP (more positive) side of the subscriber loop through a 1 50fl 
feed resistor and a ring relay contact. Functions with the Ring terminal to receive voice signals from 
the telephone and for loop monitoring purposes. 

3 

2 

RING 

An analog input connected to the RING (more negative) side of the subscriber loop through a 

1 50n feed resistor and a ring relay contact. Functions with the Tip terminal to receive voice signals 
from the telephone and for loop monitoring purposes. 

4 

3 

RFS 

Senses ring side of loop for ground key and ring trip detection. During ringing, the ring signal 
is inserted into the line at this node and RF is isolated from RFS via a relay. 

5 

4 

V B + 

Positive Voltage Source - Most positive supply. V B + is typically 1 2 volts or 5 volts. 

6 

5 

C3 

Capacitor #3 - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function, and for filtering V B -. 

Typical value is 0.3pF, 30V. 

7 

6 

DG 

Digital Ground - To be connected to zero potential and serves as a reference for all digital 
inputs and outputs on the SLIC microcircuit. 

9 

7 

RS 

Ring Synchronization Input - A TTL - compatible clock input. The clock should be arranged such 
that a positive pulse transition occurs on the zero crossing of the ring voltage source, as it 
appears at the RFS terminal. For Tip side injected systems, the RS pulse should occur on the 
negative going zero crossing and for Ring injected systems, on the positive going zero crossing. 

This ensures that the ring relay activates and deactivates when the instantaneous ring voltage 
is near zero. If synchronization is not required, the pin should be tied to +5V. 

10 

8 

RD 

Relay Driver - A low active open collector logic output. When enabled, the external ring relay 
is energized. 

11 

9 

TF 

Tip Feed - A low impedance analog output connected to the TIP terminal through a 1 50fl feed 
resistor. Functions with the RF terminal to provide loop current, feed voice signals to the 
telephone set, and sink longitudinal current. 

12 

10 

RF 

Ring Feed - A low impedance analog output connected to the RING terminal through a 1 50fl feed 
resistor. Functions with the TF terminal to provide loop current, feed voice signals to the 
telephone set, and sink longitudinal current. 

13 

11 

v B - 

Negative Voltage Source - Most negative supply. V B - is typically -48 volts with an operational 
range of -42 to -58 volts. Frequently referred to as “battery”. 

14 

12 

BG 

Battery Ground - To be connected to zero potential. All loop current and some quiescent current 
flows into this ground terminal. 

16 

13 

SHD 

Switch Hook Detection - A low active LS TTL - compatible logic output. This output is enabled 
for loop currents exceeding 1 0mA and disabled for loop currents less than 5mA. 

17 

14 

GKD 

Ground Key Detection - A low active LS TTL - compatible logic output. This output is enabled 
if the DC current into the ring lead exceeds the DC current out of the tip lead by more than 

20mA, and disabled if this current difference is less than 1 0mA. 

18 

15 

PD 

Power Denial - A low active TTL - Compatible logic input. When enabled, the switch hook detect 
(SHD) and ground key detect (GKD) are not necessarily valid, and the relay driver (RD) 
output is disabled. 

19 

16 

RC 

Ring Command - A low active TTL - Compatible logic input. When enabled, the relay driver (RD) 
output goes low on the next high level of the ring sync (RS) input, as long as the SLIC is not 
in the power denial state (PD = 0) or the subscriber is not already off- hook (SHD = 0). 

20 

17 

C2 

Capacitor #2 - An external capacitor to be connected between this terminal and digital ground. 
Prevents false ground key indications from occuring during ring trip detection. Typical value 
is 0.1 5|iF, 1 0V. This capacitor is not used if ground key function is not required and (Pin 1 7) 
may be left open or connected to digital ground. 

21 

18 

OUT 

The analog output of the spare operational amplifier. The output voltage swing is typically ±5V. 

23 

19 

-IN 

The inverting analog input of the spare operational amplifier. 

24 

20 

+IN 

The non-inverting analog input of the spare operational amplifier. 

25 

21 

RX 

Receive Input, Four Wire Side - A high impedance analog input which is internally biased. 

Capacitive coupling to this input is required. AC signals appearing at this input differentially 
drive the Tip feed and Ring feed terminals, which in turn drive tip and ring through 

300 Ohms of feed resistance on each side of the line. 

26 

22 

C4 

Capacitor #4 - An external capacitor to be connected between this terminal and analog 
ground. This capacitor prevents false ground key indication and false ring trip detection 
from occurring when longitudinal currents are induced onto the subscriber loop from near 
by power lines and other noise sources. This capacitor is also required for the proper 
operation of ring trip detection. Typical value is 0.5pF, to 1 .OpF, 20V. This capacitor should 
be nonpolarized. 

27 

23 

AG 

Analog Ground - To be connected to zero potential and serves as a reference for the transmit 
output (TX) and receive input (RX) terminals. 

28 

24 

TX 

Transmit Output, Four Wire Side - A low impedance analog output which represents the 
differential voltage across Tip and Ring. Transhybrid balancing must be performed (using 
the SLIC microcircuit’s spare op amp) beyond this output to completely implement two to four 
wire conversion. This output is unbalanced and referenced to analog ground. Since the DC level 
of this output varies with loop current, capacitive coupling to the next stage is essential. 

1,8,15,22 j 


NC 

No Internal Connection. 



NOTE: All grounds (AG, BG, & DG) must be applied before V3+ or V3-. Failure to do so may result in premature failure of the part. If a user wishes to run 
separate grounds off a line card, the AG must be applied first. 
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HC-5504B 


Applications Diagram 1 

TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLIC 



TYPICAL COMPONENT VALUES 


C2 = 0.1 5pF, 10V C6 = C7 = 0.5pF (1 0% Match Required) (Note 2) 

C3 = 0.3pF, 30V C8 = 0.01 pF, 1 00V 

C4 = 0.5pF to 1 .OpF, 1 0%, 20V (Should be nonpolarized) C9 = 0.01 pF, 20V, ±20% 

C5 = 0.5pF, 20V 

R1 = R2 = R3 = 100k (0.1% Match Required, 1% absolute value) ZB = 0 for 600H Terminations (Note 2) 

RBi = RB2 = RB3 = RB4 = 1 50fl (0.1% Match Required, 1% absolute value) 

RSI = RS2 =1 kfi, typically. 

Csi = CS2 = 0.1 pF, 200V typically, depending on Vrinq and line length. 

Z-| = 1 50V to 200V transient protection. 

PTC used as ring generator ballast. 

NOTE 1: Secondary protection diode bridge recommended is a 2A, 200V type. 

NOTE 2: To obtain the specified transhybrid loss it is necessary for the three legs of the balance network, C6-R1 and R2 and C7-ZB-R3, 
to match in impedance to within 0.3%. Thus, if C6 and C7 and 1 pF each, a 20% match is adequate. It should be noted that the 
transmit output to C6 see’s a -22V step when the loop is closed. T 00 large a value for C6 may produce an excessively long tran- 
sient at the op amp output to the PCM Filter/CODEC. 

A 0.5pF and lOOkfl gives a time constant of 50msec. The uncommitted op amp output is internally clamped to stay within 
±5.5V and also has current limiting protection. 

ADDITIONAL INFORMATION IS CONTAINED IN APPLICATION NOTE 549, “THE HC-550X TELEPHONE SLICs” 

BY GEOFF PHILLIPS 


Overvoltage Protection and 
Longitudinal Current Protection 

The SLIC device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 

The SLIC will withstand longitudinal currents up to a 
maximum or 30mA RMS, 15mA RMS per leg, without any 
performance degradation. 


TABLE 1 


PARAMETER 

TEST 

CONDITION 

PEFORMANCE 

(MAX) 

UNITS 

Longitudinal 

Surge 

1 0ps Rise/ 

1 OOOps/Fall 

±1000 (Plastic) 

±500 (Ceramic) 

VPeak 

V Peak 

Metallic Surge 

lOps Rise/ 

lOOOp Fall 

±1000 (Plastic) 

±500 (Ceramic) 

VPeak 

VPeak 

T/GND 

R/GND 

10ps Rise/ 

1 0OOps Fall 

±1000 (Plastic) 

±500 (Ceramic) 

VPeak 

VPeak 

50/60HZ 

Current 

T/GND 

R/GND 

700 V RMS 

Limited to 
10ARMS 

11 

(Plastic) 

Cycles 




© Harris HC-5504DLC 


August 1991 


sue 

Subscriber Line Interface Circuit 


Features 

• Pin for Pin Replacement for the HC-5504 

• Capable of +5V or +12V (VB+) Operation 

• Monolithic Integrated Device 

• Dl High Voltage Process 

• Compatible With Worldwide PBX Performance Requirements 

• Controlled Supply of Battery Feed Current for Short Loops 
(41mA) 

• Internal Ring Relay Driver 

° Allows Interfacing With Negative Superimposed Ringing 
Systems 

• Low Power Consumption During Standby 

• Switch Hook Ground Key and Ring Trip Detection Functions 

• Selective Denial of Power to Subscriber Loops 

Applications 

• Solid State Line Interface Circuit for Analog and Digital PBX 
Systems 

• Direct Inward Dial (DID) Trunks 

• Voice Messaging PBXs 

• Allows Multi-Phone Operation 


Description 

The Harris SLIC incorporates many of the 
BORSHT functions on a single 1C chip. This inclu- 
des DC battery feed, a ring relay driver, superviso- 
ry and hybrid functions. This device is designed to 
maintain transmission performance in the pres- 
ence of externally induced longitudinal currents. 
Using the unique Harris dielectric isolation pro- 
cess, the SLIC can operate directly with a wide 
range of station battery voltages. 

The SLIC also provides selective denial of power. If 
the PBX system becomes overloaded during an 
emergency, the SLIC will provide system protec- 
tion by denying power to selected subscriber 
loops. 

The Harris SLIC is ideally suited for the design of 
new digital PBX systems, by eliminating bulky 
hybrid transformers. 

The SLIC is available in either a 24 pin Dual-in- 
Line Plastic or Ceramic package, a 28 pin PLCC 
package and a 24 pin SOIC package. 


Pinouts 

HC1-5504DLC (24 PIN CERAMIC DIP) 
HC3-5504DLC (24 PIN PLASTIC DIP) 
HC9P5504DLC (SOIC) 

TOP VIEW 


Functional Diagram 



HC4P5504DLC (PLCC) 
TOP VIEW 



SHD SWITCH HOOK 
DETECTION 
GK P GROUND KEY 
DETECTION 


RX , RECEIVE 
^ INPUT 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 


File Number 2443.1 
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Schematic 


0 







RFC 





Die Characteristics 


Transistor Count 185 

Diode Count 36 

Die Dimensions 137x102 mils 

Substrate Potential Connected 

Process Bipolar-DI 

Thermal Constants (°C/W) 0j a 0j c 

Ceramic DIP 52 15 

Plastic DIP 52 22 

PLCC 67 29 

SOIC 76 24 
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Specifications HC-5504DLC 


Absolute Maximum Ratings (Note i) 

Recommended Operating Conditions 

Maximum Continuous Supply Voltages (V B -) -60 to +0.5 V 

Relay Driver Voltage (Vrd) 

+5 to +1 2V 


(V B +) .... -0.5 to +1 5 V 

Positive Supply Voltage (V B +) 

, . 4.75 to 5.25 or 10.8 to 1 3.2V 


(V B +-V B ~) +75V 

Negative Supply Voltage(V B -) 

-42 to -58V 

Relay Drive Voltage (Vrd) 

-0.5 to + 15V 

High Level Logic Input Voltage 

2.4V 

Storage Temperature Range 

-65°C to 1 50°C 

Low Level Logic Input Voltage 

0.6V 

Junction Temperature Ceramic . . . 

+1 75°C 

Loop Resistance (Rl) 

200 to 1 200 Ohms 

Junction Temperature Plastic 

+1 50°C 

Operating Temperature Range 




HC-5504DLC-5 

0°C to +75°C 



HC-5504DLC-9 

-40°C to +85°C 

Electrical Specifications 

Unless Otherwise Specified, V B - = -48V, V B + = +12V and +5V, AG = BG = DG = 0V, 

Typical Parameters T A = +25°C. Min-Max Parameters are Over Operating Temperature Range. 


PARAMETER 


On Hook Power Dissipation 


Off Hook Power Dissipation 


Off Hook I B+ 


Off Hook IB+ 


Off Hook IB- 


Off Hook Loop Current 


Off Hook Loop Current 


Off Hook Loop Current 


Fault Currents 
TIP to Ground 
RING to Ground 
TIP to RING 

TIP and RING to Ground 


Ring Relay Drive Vql 


Ring Relay Driver Off Leakage 


Ring Trip Detection Period 


Switch Hook Detection Threshold 


Ground Key Detection Threshold 


Loop Current During Power Denial 


Dial Pulse Distortion 


Receive Input Impedance 


Transmit Output Impedance 


Two Wire Return Loss 
SRLLO 
ERL 
SRLHI 


Longitudinal Balance 
2 Wire Off Hook 
2 Wire On Hook 
4 Wire Off Hook 


Low Frequency Longitudinal Balance 


CONDITIONS 


lLong* = 0,V B + =+12V 


Rl = 600 Ohms, iLong* = 0, V B + = +1 2V 


RL = 600 Ohms, iLong* = 0, Ta = -40OC 


R|_ — 600 Ohms, ILong* — 0» T A — +25®C 


R|_ ” 600 Ohms, ILong* — 0 


Rj_ — • 1 200 Ohms, ILong* — 0 


R L = 1 200 Ohms, V B - = -42V, l Long * = 0 
T A = +25°C 


Rl — ■ 200 Ohms, ILong* — 0 



Iql = 62mA 


Vrd = +12V, RC = 1 = HIGH,Ta= +25°C 


Rl = 600 Ohms 


SHD = Vql 

shd = v oh 


GKD=Vql 


GKD=V 0 H 


RL = 200 Ohms 


(Note 2) 


(Note 2) 


(Referenced to 6000 +2.1 6 |jF), (Note 2) 


1 V RMS 200Hz - 3400Hz, (Note 2) 
IEEE Method 


0°C<T A <+75°C 


R.E.A. Method, (Note 2), Rl= 600 
0°C <T A < +75°C 


* ILong = Longitudinal Current 

NOTE: 1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the 
circuit may be impaired. Functional operability under any of these conditions is not necessarily implied. 
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Specifications HC-5504DLC 


Electrical Specifications (Continued) 
PARAMETERS 1 


Insertion Loss 

2 Wire - 4 Wire, 4 Wire - 2 Wire 


Frequency Response 


CONDITIONS 


at 1 kHz, OdBm Input Level, Referenced 600ft 


MIN TYP MAX 


Idle Channel Noise 
2 Wire - 4 Wire, 4 Wire - 2 Wire 


Absolute Delay 

2 Wire - 4 Wire, 4 Wire - 2 Wire 


Trans Hybrid Loss 


Overload Level 

2 Wire - 4 Wire, 4 Wire - 2 Wire 


Level Linearity 

2 Wire - 4 Wire, 4 Wire - 2 Wire 


200 - 3400Hz Referenced to Absolute 
Loss at 1 kHz and OdBm Signal Level (Note 2) 


(Note 2) 


Power Supply Rejection Ratio 
V B + to 2 Wire 
V B + to Transmit 
V B - to 2 Wire 
Vq- to Transmit 
V B + to 2 Wire 
V B + to Transmit 
V B - to 2 Wire 
V B - to Transmit 


Logic Inputs 
Logic ‘O’ V|[_ 
Logic T V|H 


Logic Outputs 
Logic ‘0’ Vql 

Logic* 1 ’Vqh 



■LOAD 800|iA, V B + = +1 2V, +5V 
ILOAD 80|iA, V B + = +1 2 V 
■LOAD 40pA, V B + = +5V 


Uncommitted Op Amp Specifications 


PARAMETER 

| CONDITIONS 

1 MIN 1 

1 TYP 

1 MAX 1 

1 UNITS 


Input Offset Voltage 


Input Offset Current 


Input Bias Current 


Differential Input Resistance 


Output Voltage Swing 


Output Resistance 


Small Signal GBW 



(Note 2) 


R L =10K,V B + = +12V 
RL=10K,V b + = +5V 


AvcL = 1 (Note 2) 


(Note 2) 


NOTE: 2. These parameters are controlled by design or process parameters and are not directly tested. These 
parameters are characterised upon initial design release, upon design changes which would affect these 
characteristics, and at intervals to assure product quality and specification compliance. 
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Pin Assignments HC-5504DLC 


28 PIN 
PLCC 

24 PIN 
DIP 

SYMBOL 

DESCRIPTION 

2 

■ 

TIP 

An analog input connected to the TIP (more positive) side of the subscriber loop through a 1 50ft 
feed resistor and a ring relay contact. Functions with the Ring terminal to receive voice signals from 
the telephone and for loop monitoring purposes. 

3 

1 

RING 

An analog input connected to the RING (more negative) side of the subscriber loop through a 

1 50ft feed resistor and a ring relay contact. Functions with the Tip terminal to receive voice signals 
from the telephone and for loop monitoring purposes. 

4 

D 

RFS 

Senses ring side of loop for ground key and ring trip detection. During ringing, the ring signal 
is inserted into the line at this node and RF is isolated from RFS via a relay. 

5 


V B + 

Positive Voltage Source - Most positive supply. V B + is typically 1 2 volts or 5 volts. 

6 

5 

C3 

Capacitor #3 - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function, and for filtering V B -. 

Typical value is 0.3pF, 30V. 

7 

6 

DG 

Digital Ground - To be connected to zero potential and serves as a reference for all digital 
inputs and outputs on the SLIC microcircuit. 

9 

7 

RS 

Ring Synchronization Input - A TTL - compatible clock input. The clock should be arranged such 
that a positive pulse transition occurs on the zero crossing of the ring voltage source, as it 
appears at the RFS terminal. For Tip side injected systems, the RS pulse should occur on the 
negative going zero crossing and for Ring injected systems, on the positive going zero crossing. 

This ensures that the ring relay activates and deactivates when the instantaneous ring voltage 
is near zero. If synchronization is not required, the pin should be tied to +5V. 

10 

8 

RD 

Relay Driver - A low active open collector logic output. When enabled, the external ring relay 
is energized. 

11 

9 

TF 

Tip Feed - A low impedance analog output connected to the TIP terminal through a 1 50ft feed 
resistor. Functions with the RF terminal to provide loop current, feed voice signals to the 
telephone set, and sink longitudinal current. 

12 

10 

RF 

Ring Feed - A low impedance analog output connected to the RING terminal through a 1 50ft feed 
resistor. Functions with the TF terminal to provide loop current, feed voice signals to the 
telephone set, and sink longitudinal current. 

13 

11 

v B - 

Negative Voltage Source - Most negative supply. V B - is typically -48 volts with an operational 
range of -42 to -58 volts. Frequently referred to as “battery”. 

14 

12 

BG 

Battery Ground - To be connected to zero potential. All loop current and some quiescent current 
flows into this ground terminal. 

16 

13 


Switch Hook Detection - A low active LS TTL - compatible logic output. 

17 

14 

GKD 

Ground Key Detection - A low active LS TTL - compatible logic output. This output is enabled 
if the DC current into the ring lead exceeds the DC current out of the tip lead and disabled 
if this current difference is below an internally set threshold. 

18 

15 

PD 

Power Denial - A low active TTL - Compatible logic input. When enabled, the switch hook detect 
(SHD) and ground key detect (GKD) are not necessarily valid, and the relay driver (RD) 
output is disabled. 

19 

16 

RC 

Ring Command - A low active TTL - Compatible logic input. When enabled, the relay driver (RD) 
output goes low on the next high level of the ring sync (RS) input, as long as the SLIC is not 
in the power denial state (PD = 0) or the subscriber is not already off- hook (SHD = 0). 

20 

17 

C2 

Capacitor #2 - An external capacitor to be connected between this terminal and digital ground. 
Prevents false ground key indications from occuring during ring trip detection. Typical value 
is 0.1 5pF, 1 0V. This capacitor is not used if ground key function is not required and (Pin 1 7) 
may be left open or connected to digital ground. 

21 

18 

OUT 

The analog output of the spare operational amplifier. The output voltage swing is typically ±5V. 

23 

19 

-IN 

The inverting analog input of the spare operational amplifier. 

24 

20 

+IN 

The non-inverting analog input of the spare operational amplifier. 

25 

21 

RX 

Receive Input, Four Wire Side - A high impedance analog input which is internally biased.’ 

Capacitive coupling to this input is required. AC signals appearing at this input differentially 
drive the Tip feed and Ring feed terminals, which in turn drive tip and ring through 

300 Ohms of feed resistance on each side of the line. 

26 

22 

C4 

Capacitor #4 - An external capacitor to be connected between this terminal and analog 
ground. This capacitor prevents false ground key indication and false ring trip detection 
from occurring when longitudinal currents are induced onto the subscriber loop from near 
by power lines and other noise sources. This capacitor is also required for the proper 
operation of ring trip detection. Typical value is 0.5pF, to 1 .OpF, 20 V. This capacitor should 
be nonpolarized. 

27 

23 

AG 

Analog Ground - To be connected to zero potential and serves as a reference for the transmit 
output (TX) and receive input (RX) terminals. 

28 

24 

TX 

Transmit Output, Four Wire Side - A low impedance analog output which represents the 
differential voltage across Tip and Ring. Transhybrid balancing must be performed (using 
the SLIC microcircuit’s spare op amp) beyond this output to completely implement two to four 
wire conversion. This output is unbalanced and referenced to analog ground. Since the DC level 
of this output varies with loop current, capacitive coupling to the next stage is essential. 

1,8,15,22 


NC 

No Internal Connection. 


NOTE: All grounds (AG, BG, & DG) must be applied before Vq 4- or Vg-. Failure to do so may result in premature failure of the part. If a user wishes to run 
separate grounds off a line card, the AG must be applied first. 
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HC-5504DLC 


Applications Diagram 1 

TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLIC 



TYPICAL COMPONENT VALUES 

C2 = 0.1 5pF, 10V C6 = C7 = 0.5pF (1 0% Match Required) (Note 2) 

C3 = 0.3pF, 30 V C8 = 0.01 pF, 1 00V 

C4 = 0.5pF to 1 .OpF, 10%, 20V (Should be nonpolarized) C9 = 0.01 pF, 20V, ±20% 

C5 = 0.5pF, 20 V 

R1 = R2 = R3 = 100k (0.1% Match Required, 1% absolute value) ZB = 0 for 6000 Terminations (Note 2) 

RB-j = RB2 = RB3 = RB4 = 1500 (0.1% Match Required, 1% absolute value) 

R S1 = R S2 =1kO, typically. 

C S i = Cs2 = 0.1 pF, 200V typically, depending on Vrinq and ,ine length. 

Z-j = 1 50V to 200V transient protection. 

PTC used as ring generator ballast. 

NOTE 1: Secondary protection diode bridge recommended is a 2A, 200V type. 

NOTE 2: To obtain the specified transhybrid loss it is necessary for the three legs of the balance network, C6-R1 and R2 and C7-ZB-R3, 
to match in impedance to within 0.3%. Thus, if C6 and C7 and 1 pF each, a 20% match is adequate. It should be noted that the 
transmit output to C6 see’s a -22V step when the loop is closed. Too large a value for C6 may produce an excessively long tran- 
sient at the op amp output to the PCM Filter/CODEC. 

A 0.5pF and lOOkfl gives a time constant of 50msec. The uncommitted op amp output is internally clamped to stay within 
±5.5V and also has current limiting protection. 

ADDITIONAL INFORMATION IS CONTAINED IN APPLICATION NOTE 549, “THE HC-550X TELEPHONE SLICs” 

BY GEOFF PHILLIPS 


Overvoltage Protection and 
Longitudinal Current Protection 

The SLIC device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 1. 

The SLIC will withstand longitudinal currents up to a 
maximum or 30mA RMS, 15mA RMS per leg, without any 
performance degradation. 


TABLE 1 


PARAMETER 

TEST 

CONDITION 

PEFORMANCE 

(MAX) 

UNITS 

Longitudinal 

Surge 

10ps Rise/ 

1 OOOps/Fall 

±1000 (Plastic) 

±500 (Ceramic) 

V Peak 

V Peak 

Metallic Surge 

lOps Rise/ 

1 000|i Fall 

±1000 (Plastic) 

±500 (Ceramic) 

V Peak 

V Peak 

T/GND 

R/GND 

10ps Rise/ 

lOOOps Fall 

±1000 (Plastic) 

±500 (Ceramic) 

V Peak 

V Peak 

50/60Hz 

Current 

T/GND 

R/GND 

700V RMS 

Limited to 

1 0A RMS 

11 

(Plastic) 

Cycles 
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HC-5509B 


Subscriber Line Interface Circuit - SLIC 


August 1991 

Features 

• Dl Monolithic High Voltage Process 

• Compatible with Worldwide PBX and CO 
Performance Requirements 

• Controlled Supply of Battery Feed Current With 
Programmable Current Limit 

• Operates with 5 Volt Positive Supply (VB+) 

• Internal Ring Relay Driver and a Utility Relay Driver 

• High Impedance Mode for Subscriber Loop 

• High Temperature Alarm Output 

• Low Power Consumption During Standby Functions 

• Switch Hook, Ground Key, and Ring Trip Detection 

• Selective Power Denial to Subscriber 

• Voice Path Active During Power Denial 

• On Chip Op-Amp for 2 Wire Impedance Matching 

Applications 

• Solid State Line Interface Circuit for PBX or Central 
Office Systems, Digital Loop Carrier Systems 

• Hotel/Motel Switching Systems 

• Direct Inward Dialing (DID) Trunks 

• Voice Messaging PBX’s 

• High Voltage 2W/4W, 4W/2W Hybrid 


Description 

The HC-5509B telephone Subscriber Line Interface Circuit 
integrates most of the BORSCHT functions on a monolithic 
1C. The device is manufactured in a Dielectric Isolation (Dl) 
process and is designed for use as a high voltage interface 
between the traditional telephone subscriber pair (Tip and 
Ring) and the low voltage filtering and coding/decoding func- 
tions of the line card. Together with a secondary protection 
diode bridge and “feed” resistors, the device will withstand 
1000V lightning induced surges, in plastic packages. The 
SLIC also maintains specified transmission performance in 
the presence of externally induced longitudinal currents. The 
BORSCHT functions that the SLIC provides are: 

• Battery Feed with Subscriber Loop Current Limiting 

• Overvoltage Protection 

• Ring Relay Driver 

• Supervisory Signaling Functions 

• Hybrid Functions (with External Op-Amp) 

• Test (or Battery Reversal) Relay Driver 

In addition, the SLIC provides selective denial of power to 
subscriber loops, a programmable subscriber loop current 
limit from 20 to 60mA, a thermal shutdown with an alarm 
output and line fault protection. Switch hook detection, ring 
trip detection and ground key detection functions are also 
incorporated in the SLIC device. 

The HC-5509B SLIC is available in a 28 pin Dual-in-Line 
Ceramic or Plastic package, a 44 pin Plastic Leaded Chip 
Carrier, or in a 28 Pin SOIC. It is ideally suited for line card 
designs in PBX and CO systems, replacing traditional 
transformer solutions. 



TRUTH TABLE 

FI 

FO 

Action 

0 

0 

Normal Loop Feed 

0 

1 

RD Active 

1 

0 

Power Down Latch 
RESET 

1 

0 

Power on RESET 

1 

1 

Loop Power 

Denial Active 


HC4P5509B 
TOP VIEW 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjjg 2790.1 

Copyright © Harris Corporation 1 991 
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Specifications HC-5509B 


Absolute Maximum Ratings (Note i) 


Recommended Operating Conditions 

Relay Drivers 

. . . -0.5V to +1 5V 

Relay Drivers 


Maximum Supply Voltages (VB+) 

-0.5V to +7V 

Positive Power Supply (VB+) 

+5V±5% 

(VB+HVB-) 

+75V 

Negative Power Supply (VB-) 

-42V to -58V 

Storage Temperature Range 

-65°C to +1 50°C 

Loop Resistance (RL) 

2oontoi75on* 

Junction Temperature Ceramic 

+175°C 

Operating Temperature Range 


Junction Temperature Plastic 

+1 50°C 

HC-5509B-5 

0°C to +75°C 



HC-5509B-9 

-40°C to +85°C 

‘Note: May Be Extended to 19000 With Application Circuit. 




Electrical Specifications Unless Otherwise Stated, Typical Parameters are at T A = +25°C, Min-Max Parameters are over Operating 
Temperature Range. VB- = -48V, VB+ = +5V, AG = DG = BG = OV. All A.C. Parameters are specified at 
6000 2 wire terminating impedance. 


A.C. Transmission Parameters 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

RX Input Impedance 

300Hz to 3.4kHz (Note 2) 

- 

100 

- 


TX Output Impedance 


- 

- 

20 


4W Input Overload Level 

300Hz to 3.4kHz 

RL = 1 200fl, 6000 Reference 

+ 1.5 

- 

_ 


2W Return Loss 

Matched for 6000 (Note 2) 




33 

SRLLO 



35 

- 

l 

ERL 



40 

- 

l 

SRLHI 


30 

40 

- 

■9 

2W Longitudinal to Metallic Balance 

Per ANSI/IEEE STD 455-1 976 (Note 2) 





Off Hook 

300Hz to 3400Hz 

58 

63 

- 

dB 

4W Longitudinal Balance 






Off Hook 

300Hz to 3400Hz (Note 2) 

50 

55 

- 

dB 

Low Frequency Longitudinal Balance 

R.E.A. Test Circuit 

- 

_ 

-67 

dBmp 


'LINE = -040A t A = +25°C (Note 2) 

- 


23 

dBrnc 

Longitudinal Current Capability 

'LINE = -040A T A = +25°C (Note 2) 

- 


30 


Insertion Loss 

OdBm at 1 kHz, Referenced 6000 

■ 




2W/4W 


tfl w 

±0.05 

±0.2 

dB 

4W/2W 



±0.05 

±0.2 

dB 

4W/4W 




±.12 

dB 

Frequency Response 

300Hz to 3400Hz (Note 2) 

Referenced to Absolute 

Level at 1 kHz, OdBm Referenced 600 

■ 

±0.02 



Level Linearity 

Referenced to -1 OdBm (Note 2) 

■ ■ 




2W to 4W and 4Wto2W 

+3 to -40dBm 

| 

- 

±0.05 

dB 


-40 to -50dBm 

| 

- 

±0.1 

dB 


-50 to -55dBm 

| 

- 

±0.3 

dB 

Absolute Delay 

(Note 2) 

■ 

V - : 



2W/4W 

300Hz to 3400Hz 

| 

| 

1 

MS 

4W/2W 

300Hz to 3400Hz 

| 


1 

MS 

4W/4W 

300Hz to 3400Hz 


mm 

1.5 

MS 

Transhybrid Loss,THL 

(Note 2) See Figure 1 

- 

40 

- 

dB 

Total Harmonic Distortion 

Reference Level OdBm at 600fl 





2W/4W, 4W/2W, 4W/4W 

300Hz to 3400Hz (Note 2) 

- 

- 

-52 

dB 

Idle Channel Noise 

(Note 2) 





2Wand 4W 

C-Message 

- 

- 

5 

dBrnc 


Psophometric 

- 

- 

-85 

dBmp 


3kHz Flat 

- 

- 

15 

dBrn 


9-106 
















































Specifications HC-5509B 


Electrical Specifications Unless Otherwise Stated, Typical Parameters are at = +25°C, Min-Max Parameters are over 
Operating Temperature Range. VB- = -48V, VB+ = +5V, AG = DG = BG = OV. All A.C. Parameters are 
specified at 6000 2 wire terminating impedance. 

A.C. Transmission Parameters (Continued) 


PARAMETERS 


Power Supply Rejection Ratio 

VB+to 2W 

VB+ to 4W 

VB- to 2W 

VB- to 4W 

VB+ to 2W 

VB+ to 4W 

VB- to 2W 

VB- to 4W 

Ring Sync Pulse Width 


CONDITIONS 


(Note 2) 

30Hz to 200Hz, RL = 6000 


200Hz to 16kHz 


MIN 

TYP 

MAX 

UNITS 

20 

29 


dB 

20 

29 

- 

dB 

20 

29 

- 

dB 

20 

29 

- 

dB 

30 

- 

- 

dB 

30 

- 

- 

dB 

20 

25 

- 

dB 

20 

25 

- 

dB 

50 

- 

500 

MS 


D.C. Parameters 






PARAMETERS 


Loop Current Programming 

Limit Range 

Accuracy 

Loop Current During Power Denial 

Fault Currents 

TIP to Ground 

RING to Ground 

TIP and RING to Ground 


Switch Hook Detection Threshold 
Ground Key Detection Threshold 


Thermal ALARM Output 
Ring Trip Detection Threshold 
Ring Trip Detection Period 


Dial Pulse Distortion 


Relay Driver Outputs 

On Voltage Vql 

Off Leakage Current 


TTL/CMOS Logic Inputs 
(F0,F1,RS,TEST,PRI) 

Logic ‘0’ V|i_ 

Logic ‘1 ’V|h 


Input Current 

(FO, FI, RS, TEST, PRI) 

Logic Outputs 
Logic ‘O’ Vql 
L ogic ‘I'V qh 


Power Dissipation 
On Hook 


CONDITIONS 


MIN TYP MAX UNITS 



Safe Operating Die Temperature Exceeded 
VRING = 105 Vr MS > f RING = 2 °Hz 


Iql ( PR ) = 60mA, l OL (RD) = 30mA 
V OH = 13.2V 


OV < VI N < 5V 

'LOAD = 800|jA 

'LOAD = 40pA 

Relay Drivers Off 


Vq+ = +5.25V, Vg- = -58 V, R[_00P = 00 
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Specifications HC-5509B 


Electrical Specifications Unless Otherwise Stated, Typical Parameters are at Ta = +25°C, Min-Max Parameters are over 
Operating Temperature Range. VB- = -48V, VB+ = +5V, AG = DG = BG = OV. All A.C. Parameters are 
specified at 600Q 2 wire terminating impedance. 

Uncommited Op Amp Parameters 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 


mm 

±5 

- 

mV 

Input Offset Current 




- 

nA 

Differential Input Resistance 

(Note 2) 

- 

1 

- 

MO 

Output Voltage Swing 

RL= 10K 

- 

±3 

- 

Vp-p 

Small Signal GBW 

(Note 2) 

- 

1 

- 

MHz 


NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, 2. These parameters are controlled by design or process parameters and 
beyond which the serviceability of the circuit may be impaired. Functional are not directly tested. These parameters are characterised upon initial 

operability under any of these conditions is not necessarily implied. design release, upon design changes which would affect these 

characteristics, and at intervals to assure product quality and specification 
compliance. 


Pin Descriptions 


DIP 

PLCC 

SYMBOL 

DESCRIPTION 

1 

2 

AG 

Analog Ground - To be connected to zero potential. Serves as a reference for the transmit output 
and receive input terminals. 

2 

3 

VB+ 

Positive Voltage Source - Most Positive Supply. 

3 

4 

Cl 

Capacitor #C1 - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function. 

4 

8 

FI 

Function Address #1 - A TTL and CMOS compatible input used with F0 function address line to 
externally select logic functions. The three selectable functions are mutually exclusive. See Truth 
Table on pagel . FI should be toggled high after power is applied. 

5 

9 

F0 

Function Address #0 - A TTL and CMOS compatible input used with FI function address line to 
externally select logic functions. The three selectable functions are mutually exclusive. See Truth 
Table on page 1. 

6 

10 

RS 

Ring Synchronization Input - A TTL - compatible clock input. The clock is arranged such that a 
positive pulse (50 - 500ns) occurs on the zero crossing of the ring voltage source, as it appears at 
the RFS terminal. For Tip side injected systems, the RS pulse should occur on the negative going 
zero crossing and for Ring injected systems, on the positive going zero crossing. This ensures 
that the ring delay activates and deactivates when the instantaneous ring voltage is near zero. If 
synchronization is not required, the pin should be tied to +5. 

H 

11 

SHD 

Switch Hook Detection - An active low LS TTL compatible logic output. A line supervisory output. 

B 

12 

GKD 

Ground Key Detection - An active low LS TTL compatible logic output. A line supervisory output. 

H 

13 

TST 

A TTL logic input. A low on this pin will set a latch and keep the SLIC in a power down mode until 
the proper FI , F0 state is set and will keep ALM low. See Truth Table on page 1 . 

10 

17 

ALM 

A LS TTL compatible active low output which responds to the thermal detector circuit when a safe 
operating die temperature has been exceeded. When TST is forced low by an external control 
signal, ALM is latched low until the proper FI, FO state and TST input is brought high. The ALM 
can be tied directly to the TST pin to power down the part when a thermal fault is detected and then 
reset with FO, FI. See Truth Table on page 1. It is possible to ignore transient thermal overload 
conditions in the SLIC by delaying the response to the TST pin from the ALM. Care must be 
exercised in attempting this as continued thermal overstress may reduced component life. 

ii 

18 

ILMT 

Loop Current Limit - Voltage on this pin sets the short loop current limiting conditions using a 
resistive voltage divider. 

12 

19 

OUT1 

The analog output of the spare operational amplifier. 

13 

20 

-INI 

The inverting analog input of the spare operational amplifier. 

14 

22 

TIP 

An analog input connected to the TIP (more positive) side of the subscriber loop through a feed 
resistor and ring relay contact. Functions with the RING terminal to receive voice signals from the 
telephone and for loop monitoring purpose. 
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HC-5509B 


Pin Descriptions (continued) 


DIP 

PLCC 

SYMBOL 

DESCRIPTION 

15 

24 

RING 

An analog input connected to the RING (more negative) side of the subscriber loop through a feed 
resistor. Functions with the TIP terminal to receive voice signals from the telephone and for loop 
monitoring purposes. 

16 

25 

RFS 

Ring Feed Sense - Senses RING side of the loop for Ground Key Detection. During Ring injected 
ringing the ring signal at this node is isolated from RF via the ring relay. For Tip injected ringing, 
the RF and RFS pins must be shorted. 

17 

27 

VRX 

Receive Input, Four Wire Side - A high impedance analog input. A.C. signals appearing at this input 
drive the Tip Feed and Ring Feed amplifiers differentially. 

18 

31 

C2 

Capacitor #2 - An external capacitor to be connected between this terminal and ground. It prevents 
false ring trip detection from occurring when longitudinal currents are induced onto the subscriber 
loop from power lines and other noise sources. This capacitor should be nonpolarized. 

19 

32 

VTX 

Transmit Output, Four Wire Side - A low impedance analog output which represents the differential 


voltage across TIP and RING Transhybrid balancing must be performed beyond this output to com- 
pletely implement two to four wire conversion. This output is referenced to analog ground. Since 
the D.C. level of this output varies with loop current, capacitive coupling to the next stage is necessary. 

A TTL compatible input used to control PR. PRI active High = PR active low. 

An active low open collector output. Can be used to drive a Polarity Reversal Relay. 

Digital Ground - To be connected to zero potential. Serves as a reference for all digital inputs and 
outputs on the SLIC. 

Ring Relay Driver - An active low open collector output. Used to drive a relay that switches ringing 
signals onto the 2 wire line. 

Feedback signal from the tip feed amplifier. To be used in conjunction with transmit output signal 
and the spare op-amp to accommodate 2W line impedance matching. 

Tip Feed - A low impedance analog output connected to the TIP terminal through a feed resistor. 
Functions with the RF terminal to provide loop current, and to feed voice signals to the telephone 
set and to sink longitudinal currents. Must be tied to TF1 . 

Tie directly to TF2 in the PLCC application. 

Ring Feed - A low impedance analog output connected to the RING terminal through a feed resistor. 
Functions with the TF terminal to provide loop current, feed voice signals to the telephone set, and 
to sink longitudinal currents. Tie directly to RF2. 

Tie directly to RF1 in the PLCC application. 

The battery voltage source. The most negative supply. 

Battery Ground - To be connected to zero potential. All loop current and some quiescent current 
flows into this ground terminal. 

No internal connection. 


NOTE: All grounds (AG, BG, DG) must be applied before VB+ or VB-. Failure to do so may result in premature failure of the part. If a user wishes to 
run separate grounds off a line card, the AG must be applied first. 
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HC-5509B 


Applications Diagram 1 

TYPICAL LINE CIRCUIT APPLICATION WITH THE HC-5509B 



1 Rb1 1 Rb2 


•SECONDARY 

PROTECTION 


PRIMARY 

PROTECTION 


SYSTEM CONTROLLER 


V RING RB4 : 
150 V PE AK (MAX) 


SHD GKD PRI RS TEST FI 

ALARM FO 

RD 




TF1** 



VFB 




VTX 

RF1‘* 

- INI 

RFS 

OUT1 

RING 


VB - BG C2 DG AG 

VB+ Cl 



TO HYBIRD 
BALANCE 
NETWORK 


TYPICAL COMPONENT VALUES 


Cl = 0.5pF,30V 

C2 = 0.5jjF-1 .OjjF ±10%, 20V (Should be nonpolarized) 

C3 = 0.01 pF, 100V ±20% 

C4 = 0.01 pF, 100V ±20% 

C5 = 0.01 pF, 100V ±20% 

CaC = 0.5pF, 20V 

KZq = 60K, (Z 0 = 6000, K = Scaling Factor = 1 00) 

RL1 , RL2; Current Limit Setting Resistors 
RL1 + RL2 > 90kO 

ILIMIT = (0.6) (RL1 + RL2)/(200 x RL2), RL1 typically lOOkO 
KR F = 20K, RF = 2 (Rb2 + Rb 4). K = Scaling Factor = 100) 


RBi = RB2 = RB3 = RB4 = 500 (1% absolute, matching 
requirements covered in a Tech Brief) 

RSI = RS2 “ IkO typically 

CS1 = CS2 = 0.1 pF, 200V typically, depending on VRj ng and line 
length. 

= 1 50V to 200V transient protector. PTC used as ring generator 
ballast. 

* Secondary protection diode bridge recommended is 3A, 200V 
type. 

**TF1, TF2 and RF1, RF2 are on PLCC only and should be 
connected together as shown. 


NOTE: HC-5509B Applications Diagram shows Ring injected ringing configuration. A Balanced or Tip injected configuration may also be used. 


Overvoltage Protection 
Longitudinal Current Protection 

The SLIC device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 2. 

The SLIC will withstand longitudinal currents up to a 
maximum of 30mArms, 15mArms per leg, without any 
performance degradation. 


PARAMETER 

TEST 

CONDITION 

PEFORMANCE 

(MAX) 

UNITS 

Longitudinal 

Surge 

1 0ps Rise/ 

1 OOOps/Fall 

±1000 (Plastic) 
±500 (Ceramic) 

Vp_ P 

Vp_p 

Metallic Surge 

1 0ps Rise/ 

1 0OOps Fall 

±1 000 (Plastic) 
±500 (Ceramic) 

Vp_p 

vp-p 

T/GND 

R/GND 

1 0ps Rise/ 

1 0OOps Fall 

±1000 (Plastic) 
±500 (Ceramic) 

Vp-p 

Vp_p 

50/60HZ 

Current 

T/GND 

R/GND 

700Vrms 
Limited to 

10 Arms 

11 

(Plastic) 

Cycles 
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H C-5524 


August 1991 


Subscriber Line Interface Circuit - SLIC 


Features 

• Dl Monolithic High Voltage Process 

• Compatible with Worldwide PBX and DLC 
Performance Requirements 

• Controlled Supply of Battery Feed Current With 
Programmable Current Limit 

• Operates with 5 Volt Positive Supply (VB+) 

• Internal Ring Relay Driver and a Utility Relay Driver 

• High Impedance Mode for Subscriber Loop 

• High Temperature Alarm Output 

• Low Power Consumption During Standby Functions 

• Switch Hook, Ground Key, and Ring Trip Detection 

• Selective Power Denial to Subscriber 

° Voice Path Active During Power Denial 

• On Chip Op-Amp for 2 Wire Impedance Matching 

Applications 

• Solid State Line Interface Circuit for PBX or Digital 
Loop Carrier Systems 

• Hotel/Motel Switching Systems 

• Direct Inward Dialing (DID) Trunks 

• Voice Messaging PBX’s 

• 2W/4W, 4W/2W Hybrid 


Pinouts 


HC1-5524, HC3-5524, 
& HC9P5524 
TOP VIEW 


SHD [7_ 
GKD [If 
TST |T 
ALM [To 
ILMT Q7 
OUT 1 [»2 
-IN 1 [13 



Description 

The H C-5524 telephone Subscriber Line Interface Circuit 
integrates most of the. BORSCHT functions on a monolithic 
1C. The device is manufactured in a Dielectric Isolation (Dl) 
process and is designed for use as a 24V interface between 
the traditional telephone subscriber pair (Tip and Ring) and 
the low voltage filtering and coding/decoding functions of the 
line card. Together with a secondary protection diode bridge, 
the device will withstand 500V induced surges, in plastic 
packages. The SLIC also maintains specified transmission 
performance in the presence of externally induced longitudi- 
nal currents. The BORSCHT functions that the SLIC provides 
are: 

• Battery Feed with Subscriber Loop Current Limiting 

• Overvoltage Protection 

• Ring Relay Driver 

• Supervisory Signaling Functions 

• Hybrid Functions (with External Op-Amp) 

• Test (or Battery Reversal) Relay Driver 

In addition, the SLIC provides selective denial of power to 
subscriber loops, a programmable subscriber loop current 
limit from 20 to 60mA, a thermal shutdown with an alarm 
output and line fault protection. Switch hook detection, ring 
trip detection and ground key detection functions are also 
incorporated in the SLIC device. 

The HC-5524 SLIC is available in a 28 pin Dual-in-Line Ce- 
ramic or Plastic package, a 44 pin Plastic Leaded Chip Car- 
rier, or in a 28 Pin SOIC. It is ideally suited for line card 
designs in PBX and DLC systems, replacing traditional 
transformer solutions. 


HC4P5524 
TOP VIEW 

O O 'cvj-O 

■ss'-mOsOm u. u. ■'» 

zzo><zca>a:a:z 


TRUTH TABLE 

FI 

FO 

Action 

0 

0 

Normal Loop Feed 

0 

1 

RD Active 

1 

0 

Power Down Latch 
RESET 

1 

0 

Power on RESET 

1 

1 

Loop Power 

Denial Active 



39 

□ tfi 

38 

□ TF2 

37 

□ VFB 

36 

□ RD 

35 

□ DG 

34 

□ PR 

33 

□ PRI 

32 

□ VTX 

31 

□ C2 

30 

□ N/C 

29 

□ N/C 


O Q.OOMO gO 
2 H zioC2>Z 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2798.1 
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HC-5524 


Logic Diagram 


SHUT DOWN 


Die Characteristics 



Transistor Count 


224 

Diode Count 


28 

Die Dimensions 


. 174x120 mils 

Substrate Potential 


— Connected 

Process 


Bipolar-DI 

Thermal Constants (°C/W) 

e ja 

e jc 

Ceramic DIP 

48 

12 

Plastic DIP 

51 

21 

PLCC 

47 

17 

SOIC 

72 

22 
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Specifications HC-5524 


Absolute Maximum Ratings (Notei) 


Relay Drivers -0.5V to +1 5V 

Maximum Supply Voltages (VB+) -0.5Vto+7V 

(VB+HVB-) +40V 

Storage Temperature Range -65°C to +1 50°C 

Junction Temperature Ceramic +175°C 

Junction Temperature Plastic +150°C 


Recommended Operating Conditions 


Relay Drivers +5V to +1 2V 

Positive Power Supply (VB+) +5V ±5% 

Negative Power Supply (VB-) -20V to -28V 

Operating Temperature Range 

HC-5524-5 0°C to +75°C 

HC-5524-9 -40°C to +85°C 


Electrical Specifications Unless Otherwise Stated, Typical Parameters are at T A = +250C, V B + = +5V, V B - = -24V, AG = 
DG = BG = 0V. Min-Max Parameters are Over Operating Positive and Negative Battery Voltages and Over 
the Industrial Temperature Range. All Parameters are Specified at 600fi 2-Wire Terminating Impedance. 

A.C. Transmission Parameters 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

RX Input Impedance 

300Hz to 3.4kHz (Note 2) 

- 

100 

- 

mm 

TX Output Impedance 


- 

- 

20 

HI 

4W Input Overload Level 

300Hz to 3.4kHz, 6000 Reference 

+1.0 

- 

- 

a. 

> 

2W Return Loss 

SRLLO 

Matched for 6000 (Note 2) 

26 

35 


dB 

ERL 


30 

40 

- 

dB 

SRLHI 


30 

40 

- 

dB 

2W Longitudinal to Metallic Balance 

Per ANSI/IEEE STD 455-1 976 (Note 2) 





Off Hook 

4W Longitudinal Balance 

300Hz to 3400Hz 



“ 

dB 

Off Hook 

300Hz to 3400Hz (Note 2) 



- 

dB 

Low Frequency Longitudinal Balance 

R.E.A. Test Circuit 

- 

-80 

-67 

dBmp 


'LINE = 40mA T A = +25°C (Note 2) 

- 

10 

23 

dBrnc 

Longitudinal Current Capability 

'LINE = 40mA T A = +25°C (Note 2) 

- 

- 

40 

mArms 

Insertion Loss 


■ 




2W/4W 

-1 .58dBm @ 1 kHz, Referenced 6000 

| 

±0.05 

±0.2 

dB 

4W/2W 

OdBm @ 1kHz, Referenced 6000 

■ : 

±0.05 

±0.2 

dB 

4W/4W 

-1 .58dBm @ 1 kHz, Referenced 6000 

| 

- 

±0.2 

dB 

Frequency Response 

300Hz to 3400Hz (Note 2) 

Referenced to Absolute 

Level at 1 kHz, OdBm Referenced 600 

■ 

±0.02 

±0.06 

dB 

Level Linearity 

Referenced to -10dBm (Note 2) 


FffH 


mm 

2W to 4W and 4Wto 2W 

+3 to -40dBm 

- 

| ■ 

±0.08 

H 


-40 to -50dBm 

- 

■ 

±0.12 

El 


-50 to -55dBm 

- 


±0.3 

H 

Absolute Delay 

(Note 2) 

■ 




2W/4W 

300Hz to 3400Hz 


- 

1 

US 

4W/2W 

300Hz to 3400Hz 

| 

- 

1 

MS 

4W/4W 

300Hz to 3400Hz 

H 

0.95 

1.5 

MS 

Total Harmonic Distortion 

Reference Level OdBm at 600fl 





2W/4W, 4W/2W, 4W/4W 

300Hz to 3400Hz (Note 2) 

- 

- 

-50 

dB 

Idle Channel Noise 

(Note 2) 





2W and 4W 

C-Message 

- 

| 

5 

dBrnc 


Psophometric 

- 

■ I 

-85 

dBmp 


3kHz Flat 

- 


16 

dBrn 

Open Loop Voltage (Vj|p - Vrinq) 

Vb+ = +5V, V B - = -24V 


15.8 


V 
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Specifications HC-5524 


Electrical Specifications Unless Otherwise Stated, Typical Parameters are at Ta = +25°C, V B + = +5V, V B - = -24V, AG = 
DG = BG = OV. Min-Max Parameters are Over Operating Positive and Negative Battery Voltages and 
Over the Industrial Temperature Range. All Parameters are Specified at 6000 2-Wire Terminating Imped- 
ance. 

A.C. Transmission Parameters (Continued) 


PARAMETERS 

CONDITIONS 

MIN 

TYP 

MAX 

Power Supply Rejection Ratio 

V B + to2W 

(Note 2) 

30Hz to 200Hz, RL = 6000 

20 

40 

. 

V B + to 4W 


20 

40 

- 

V B - to 2W 


20 

40 

- 

V B - to 4W 


20 

50 

- 

V B +to2W 

200Hz to 16kHz 

30 

40 

- 

V B +to 4W 


20 

28 

- 

V B -to 2W 


20 

50 

- 

V B - to 4W 


20 

50 

- 

Ring Sync Pulse Width 


50 

- 

500 


D.C. Parameters 







Switch Hook Detection Threshold 

Ground Key Detection Threshold 


Thermal ALM Output 

Safe Operating Die Temperature Exceeded 

Ring Trip Detection Threshold 

Ring Trip Detection Period 

VRING = 1 05V RMS ,f R | NG = 20Hz 


Dial Pulse Distortion 


Relay Driver Outputs 
On Voltage Vql 
O ff Leakage Current 

TTL/CMOS Logi c Inputs 
(FO, FI , RS, TST, PRI) 

Logic ‘O’ V|l 
L ogic ‘1 ’V|h 


Input Current 

(FO, FI, RS, TST, PRI) 

Logic Outputs 
Logic ‘0’ Vql 
L ogic ‘I'Vqh 


Power Dissipation 
On Hook 


l 0L (PR) = 60mA, Iql (RD) = 30mA 
V OH = 13.2V 




OV <VIN < 5V 

■LOAD = 800^ 

’LOAD = 4 0t*A 

Relay Drivers Off 


V B + = +5.25V, V B - = -28V, R[_OOP = 00 
V B + = +5.25V, V B - = -28V, RlOOP = °° 
V B + = +5V, V B - = -24V, RlOOP = 8000 
V B + = +5V, V B - = -24V, R[_OOP = 8000 





4 mA 

mA 

6 mA 
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Specifications HC-5524 


Electrical Specifications Unless Otherwise Stated, Typical Parameters are at T/\ = +25°C, Vg+ = +5V, Vq- = -24V, AG = 
DG = BG = 0 V. Min-Max Parameters are Over Operating Positive and Negative Battery Voltages and 
Over the Industrial Temperature Range. All Parameters are Specified at 6000 2-Wire Terminating 
Impedance. 

Uncommited Op Amp Parameters 


PARAMETER 


Input Offset Voltage 
Input Offset Current 
Differential Input Resistance 


Output Voltage Swing 


Small Signal GBW 


CONDITIONS 



1. Absolute maximum ratings are limiting values, applied individually, 
beyond which the serviceability of the circuit may be impaired. Functional 
operability under any of these conditions is not necessarily implied. 


2. These parameters are controlled by design or process parameters and are 
not directly tested. These parameters are characterized upon initial 
design release, upon design changes which would affect these 
characteristics, and at intervals to assure product quality and specification 
compliance. 


Pin Descriptions 


DIP PLCC SYMBOL 



DESCRIPTION 


Analog Ground - To be connected to zero potential. Serves as a reference for the transmit output 
and receive input terminals. 

Positive Voltage Source - Most Positive Supply. 

Capacitor #C1 - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function. 

Function Address #1 - A TTL and CMOS compatible input used with FO function address line to 
externally select logic functions. The three selectable functions are mutually exclusive. See Truth 
Table on pagel . FI should be toggled high after power is applied. 

Function Address #0 - A TTL and CMOS compatible input used with FI function address line to 
externally select logic functions. The three selectable functions are mutually exclusive. See Truth 
Table on page 1. 

Ring Synchronization Input - A TTL - compatible clock input. The clock is arranged such that a 
positive pulse (50 - 500ps) occurs on the zero crossing of the ring voltage source, as it appears at 
the RFS terminal. For Tip side injected systems, the RS pulse should occur on the negative going 
zero crossing and for Ring injected systems, on the positive going zero crossing. This ensures 
that the ring delay activates and deactivates when the instantaneous ring voltage is near zero. If 
synchronization is not required, the pin should be tied to +5. 

Switch Hook Detection - An active low LS TTL compatible logic output. A line supervisory output. 

Ground Key Detection - An active low LS TTL compatible logic output A line supervisory output. 

A TTL logic input. A low on this pin will set a latch and keep the SUC in a power down mode until 
the proper FI , FO state is set and will keep ALM low. See Truth Table on page 1 . 

A LS TTL compatible active low output which responds to the thermal detector circuit when a safe 
operatin g d ie temperature has been exceeded. When TST i s for ced low by an external control 
signal, ALM is latched lo w un til the proper FI, FO state and TST input is brought high. The ALM 
can be tied directly to the TST pin to power down the part when a thermal fault is detected and then 
reset with FO, FI. See Truth Table on page 1. It is poss ible t o ignore transient thermal overload 
conditions in the SLIC by delaying the response to the TST pin from the ALM. Care must be 
exercised in attempting this as continued thermal overstress may reduce component life. 

Loop Current Limit - Voltage on this pin sets the short loop current limiting conditions using a 
resistive voltage divider. 

The analog output of the spare operational amplifier. 

The inverting analog input of the spare operational amplifier. 

An analog input connected to the TIP (more positive) side of the subscriber loop through a feed 
resistor and ring relay contact. Functions with the RING terminal to receive voice signals from the 
telephone and for loop monitoring purposes. 
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HC-5524 


Pin Descriptions (Continued) 


PLCC SYMBOL 


24 RING 


25 RFS 


27 VRX 


31 C2 


32 VTX 



DESCRIPTION 


An analog input connected to the RING (more negative) side of the subscriber loop through a feed 
resistor. Functions with the TIP terminal to receive voice signals from the telephone and for loop 
monitoring purposes. 

Ring Feed Sense - Senses RING side of the loop for Ground Key Detection. During Ring injected 
ringing the ring signal at this node is isolated from RF via the ring relay. For Tip injected ringing, 
the RF and RFS pins must be shorted. 

Receive Input, Four Wire Side - A high impedance analog input. A.C. signals appearing at this input 
drive the Tip Feed and Ring Feed amplifiers differentially. 

Capacitor #2 - An external capacitor to be connected between this terminal and ground. It prevents 
false ring trip detection from occurring when longitudinal currents are induced onto the subscriber 
loop from power lines and other noise sources. This capacitor should be nonpolarized. 

Transmit Output, Four Wire Side - A low impedance analog output which represents the differential 
voltage across TIP and RING Transhybrid balancing must be performed beyond this output to com- 
pletely implement two to four wire conversion. This output is referenced to analog ground. Since 
the D.C. level of this output varies with loop current, capacitive coupling to the next stage is necessary. 

ATTL compatible input used to control PR. PRI active High = PR active low. 

An active low open collector output. Can be used to drive a Polarity Reversal Relay. 

Digital Ground - To be connected to zero potential. Serves as a reference for all digital inputs and 
outputs on the SLIC. 

Ring Relay Driver - An active low open collector output. Used to drive a relay that switches ringing 
signals onto the 2 wire line. 

Feedback input to the tip feed amplifier may be used in conjunction with transmit output signal 
and the spare op-amp to accommodate 2W line impedance matching. (This is not used in the typical 
applications circuit on page 8.) 

Tip Feed - A low impedance analog output connected to the TIP terminal through a feed resistor. 
Functions with the RF terminal to provide loop current, and to feed voice signals to the telephone 
set and to sink longitudinal currents. Must be tied to TF1 . 

Tie directly to TF2 in the PLCC application. 

Ring Feed - A low impedance analog output connected to the RING terminal through a feed resistor. 
Functions with the TF terminal to provide loop current, feed voice signals to the telephone set, and 
to sink longitudinal currents. Tie directly to RF2. 

Tie directly to RF1 in the PLCC application. 

The battery voltage source. The most negative supply. 

Battery Ground - To be connected to zero potential. All loop current and some quiescent current 
flows into this ground terminal. 

No internal connection. 


NOTE: All grounds (AG, BG, DG) must be applied before VB+ or VB-. Failure to do so may result in premature failure of the part. If a user wishes to 
run separate grounds off a line card, the AG must be applied first. 

* Although not used in the typical applications circuit, Vpg may be used in matching complex 2-wire impedances. 
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HC-5524 


Applications Diagram 1 

TYPICAL LINE CIRCUIT APPLICATION WITH THE HC-5524 



150V PEAK (MAX) 


TO HYBIRD 
BALANCE 
NETWORK 


1 RING 

VB- BG C2 DG AG VB+ Cl 


— Fill HI 

TYPICAL COMPONENT VALUES* 5V 


Cl = 0.5pF,20V 

C2 = 0.5pF-1.0pF ±10%, 50V (Should be nonpolarized) 

C3 = 0.01 pF, 50 V ±20% 

C4 = 0.01 pF, 50V ±20% 

C5 = 0.01 pF, 50V ±20% 

Cac = 0.5pF, 20V 

KZ 0 = 50K, (Z 0 = 600fl, K = Scaling Factor = 100) 

RL1 , RL2; Current Limit Setting Resistors 
RL1+RL2 > 90kH 

ILIMIT = (.6) (RL1 +RL2)/(RL2X200), RL1 typically 100kf> 
KRp = 20K, RF = 2(R B 1 +Rb 2)» K = Scaling Factor = 100) 


RB-j = RB2 = = 500 (1% absolute, matching requirements cov- 
ered in a Tech Brief) 

R S 1 = RS2 = IkO typically 

CS1 = CS2 = 0.1 pF, 200V typically, depending on Vpj n g and line 
length. 

Z-j = 1 50V to 200V transient protector. PTC used as ring generator 
ballast. 

* Secondary protection diode bridge recommended is 3A, 200V 
type. 

**TF1, TF2 and RF1, RF2 are on PLCC only and should be 
connected together as shown. 


NOTE: HC-5524 Applications Diagram shows Ring injected ringing configuration. A Balanced or Tip injected configuration may also be used. 


Overvoltage Protection 
Longitudinal Current Protection 

The SLIC device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 

High voltage surge conditions are as specified in Table 2. 

The SLIC will withstand longitudinal currents up to a 
maximum of 40mArms, 20mArms per leg, without any 
performance degradation. 

NOTE: Overvoltage, Surge Condition Limits, listed in Table 2, may be 
increased with use of additional secondary protection to Tip & Ring. 


PARAMETER 

TEST 

CONDITION 

PEFORMANCE 

(MAX) 

UNITS 

Longitudinal 

Surge 

1 0ps Rise/ 

1 OOOps/Fall 

±500 (Plastic) 
±250 (Ceramic) 

Vp_p 

Vp_p 

Metallic Surge 

1 0ps Rise/ 

1 OOOps Fall 

±500 (Plastic) 
±250 (Ceramic) 

V P _p 

Vp.p 

T/GND 

R/GND 

1 0ps Rise/ 

1 0OOps Fall 

±500 (Plastic) 
±250 (Ceramic) 

Vp_p 

Vp.p 

50/60HZ 

Current 

T/GND 

R/GND 

350Vrms 
Limited to 

1 0Arms 

11 

(Plastic) 

Cycles 
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H C-5560 


August 1991 


PCM Transcoder 


Features 

• Single 5V Supply 10mA Typ. 

• Mode Selectable Coding Including: 

► AMI (T1, TIC) 

► B8ZS (T1) 

► HDB3 (PCM30) 

• North American and European Compatibility 

• Simultaneous Encoding and Decoding 

• Asynchronous Operation 

• Loop Back Control 

• Transmission Error Detection 

• Alarm Indication Signal 

• Replaces MJ1440, MJ1471 and TCM2201 
Transcoders 

Applications 

• North American and European PCM Transmission 
Lines where Pseudo Ternary Line Code Substitution 
Schemes are Desired 

• Any Equipment that Interfaces T1, TIC, T2 or PCM30 
Lines Including Multiplexers, Channel Service Units, 
(CSUs) Echo Cancellors, Digital Cross-Connects 
(DSXs), T1 Compressors, etc. 


Description 

The HC-5560 digital line transcoder provides encoding and 
decoding of pseudo ternary line code substitution schemes. 
Unlike other industry standard transcoders, the HC-5560 
provides four worldwide compatible mode selectable code 
substitution schemes, including HDB3 (High Density Bipolar 
3), B6ZS, B8ZS (Bipolar with 6 or 8 Zero Substitution) and 
AMI (Alternate Mark Inversion). 

The HC-5560 is fabricated in CMOS and operates from a 
single 5V supply. All inputs and outputs are TTL compatible. 
The HC-5560 is available in 20 pin duall-in-line plastic pack- 
ages over the commercial temperature range, 0°C to +70°C. 

Application Note #573, “The HC-5560 Digital Line 
Transcoder,” by D.J. Donovan is available. 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2887 
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HC-5560 


Functional Description 

The HC-5560 TRANSCODER can be divided into six sections: 
transmission (coding), reception (decoding), error detection, 
all ones detection, testing functions, and output controls. 

The transmitter codes a non-return to zero (NRZ) binary 
unipolar input signal (NRZ Data In) into two binary unipolar 
return to zero (RZ) output signals (Out 1 , Out 2). These output 
signals represent the NRZ data stream modified according to 
the selected encoding scheme (i.e., AMI, B8ZS, B6ZS, HDB3) 
and are externally mixed together (usually via a transistor or 
transformer network) to create a ternary bipolar signal for driving 
transmission lines. 

The receiver accepts as its input the ternary data from the 
transmission line that has been externally split into two binary 
unipolar return to zero signals (Aj n and Bj n ). These signals are 
decoded, according to the rules of the selected line code into 
one binary unipolar NRZ output signal (NRZ Data Out). 

The encoder and decoder sections of the chip perform 
independently (excluding loopback condition) and may 
operate simultaneously. 

The Error output signal is active high for one cycle of CLK DEC 
upon the detection of any bipolar violation in the received Aj n 
and Bj n signals that is not part of the selected line coding 
scheme. The bipolar violation is not removed, however, and 
shows up as a pulse in the NRZ Data Out signal. In addition, 
the Error output signal monitors the received Aj n and Bj n 
signals for a string of zeros that violates the maximum con- 
secutive zeros allowed for the selected line coding scheme 


(i.e., 1 5 for AMI, 8 for B8ZS, 6 for B6ZS, and 4 for HDB3). In 
the event that an excessive amount of zeros is detected, the 
Error output signal will be active high for one cycle of CLK 
DEC during the zero that exceeds the maximum number. In 
the case that a high level should simultaneously appear on 
both received input signals A ln and B m a logical one is 
assumed and appears on the NRZ Data Out stream with the 
Error output active. 

An input signal received at inputs Aj n and Bj n that consists of 
all ones (or marks) is detected and signaled by a high level at 
the Alarm Indication Signal (AIS) output. This is also known as 
Blue Code. The AIS output is setto a high level when less than 
three zeros are received during one period of Reset AIS 
immediately followed by another period of Reset AIS containing 
less than three zeros. The AIS output is reset to a low level 
upon the first period of Reset AIS containing 3 or more 
zeros. 

A logic high level on LTE enables a loopback condition where 
Out 1 is internally connected to A |n and Out 2 is internally con- 
nected to Bj n (this disables inputs Aj n and Bj n to external 
signals). In this condition, NRZ Data In appears at NRZ Data 
Out (delayed by the amount of clock cycles it takes to encode 
and decode the selected line code). A decode clock must be 
supplied for this operation. 


The output controls are Output Enable and Force AIS. These 
pins allow normal operation, force Out 1 and Out 2 to zero, 
or force Out 1 and Out 2 to output all ones (AIS condition). 
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HC-5560 



PIN 

NO. 

FUNCTION 

description 

1 

Force AIS 

Pin 1 9 must be at logic '0' to enable this pin. A logic '1 ' on this pin forces Out 1 and Out 2 to all 
ones. A logic '0' on this pin allows normal operation. 

2,5 

Mode Select 1 , 

MSI MS2 functions as 


Mode Select 2 

0 0 AMI 

0 1 B8ZS 

1 0 B6ZS 

1 1 HDB3 

3 

NRZ Data In 

Input data to be encoded into ternary form. The data is clocked by the negative going edge 
of CLK ENC. 

4 

CLK ENC 

Clock encoder, clock for encoding data at NRZ Data In. 

6 

NRZ Data Out 

Decoded data from ternary inputs Aj n and Bj n . 

7 

CLK DEC 

Clock decoder, clock for decoding ternary data on inputs Aj n and Bj n . 

8,9 

Reset AIS, AIS 

Logic '0' on Reset AIS resets a decoded zero counter and either resets AIS output to zero 
provided 3 or more zeros have been decoded in the preceding Reset AIS period or sets AIS 
to '1 ' if less than 3 zeros have been decoded in the preceding two Reset AIS periods. A 
period of Reset AIS is defined from the bit following the bit during which Reset AIS makes a 
high to low transition to the-bit during which Reset AIS makes the next high to low 
transition. 

10 

Vss 

Ground reference. 

11 

Error 

A logic '1' indicates that a violation of the line coding scheme has been decoded. 

12 

Clock 

"OR” function of Aj n and Bj n for clock regeneration when pin 14 is at logic ‘O’, "OR" function 
of Out 1 and Out 2 when pin 14 is at logic *1’. 

13,15 

Ajrv Bin 

Inputs representing the recieved PCM signal. Aj n — 1' represents a positive going 'V and 
Bj n — 1 ' represents a negative going '1 Aj n and B m are sampled by the positive going edge 
of CLK DEC. Aj n and Bj n may be interchanged. 

14 

LTE 

Loop Test Enable, this pin selects between normal and loop back operation. A logic '0' 
selects normal operation where encode and decode are independent and asynchronous. A 
logic '1 ' selects a loop back condition where Out 1 is internally connected to Aj n and Out2 is 
internally connected to B m . A decode clock must be supplied. 

16,17 

Out 1 , Out 2 

Outputs representing the ternary encoded NRZ Data In signal for line transmission. Outl and 

Out 2 are in return to zero form and are clocked out on the positive going edge of CLK ENC. 
The length of Out 1 and Out 2 is set by the length of the positive clock pulse. 

18 

Reset 

A logic '0' on this pin resets all internal registers to zero. A logic '1 ' allows normal operation 
of all internal registers. 

19 

Output Enable 

A logic '1' on this pin forces outputs Out 1 and Out 2 to zero. A logic '0' allows normal 
operation. 

20 

Vdd 

Power to chip. 


9-122 









Static Electrical Specifications Unless Otherwise Specified. Typical parameters at +25°C. 

Min-Max parameters are over operating temperature range. Vqd = +5V. 



Dynamic Electrical Specifications Unless otherwise Specified. Typical parameters at +25°C. 

Min-Max parameters are over operating temperature range. Vdd = +5V. 


SPECIFICATION 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

FIG. 

CLK ENC, CLK DEC Input Frequency 

fcl 



8.5 

MHz 


CLK ENC, CLK DEC Rise Time (1 .544 MHz) 

trcl 


10 

60 

ns 

1,2 

Fall Time 

tfcl 


10 

60 

ns 

1,2 

Rise Time (2.048 MHz) 

trcl 


10 

40 

ns 

1,2 

Fall Time 

tfcl 


10 

40 

ns 

1,2 

Rise Time (6.3212 MHz) 

trcl 


10 

30 

ns 

1,2 

Fall Time 

tfcl 


10 

30 

ns 

1,2 

Rise Time (8.448 MHz) 

trcl 


5 

10 

ns 

1,2 

Fall Time 

tfcl 


5 

10 

ns 

1,2 

NRZ-Data In to CLK ENC Data Setup Time 

ts 

20 



ns 

1 

Data Hold Time 

tH 

20 



ns 

1 

A||\j, B|[\J to CLK DEC Data Setup Time 

ts 

15 



ns 

2 

Data Hold Time 

tH 

5 



ns 

2 

CLK ENC to Out 1, Out 2 

tDD 


23 

80 

ns 

1 

Out 1 , Out 2 Pulse Width (CLK ENC Duty Cycle = 50%) 







f c | = 1.544 MHz 

t w 


324 


ns 

1 

f c | = 2.048 MHz 

t w 


224 


ns 

1 

f c | = 6.321 2 MHz 

tw 


79 


ns 

1 

f c | = 8.448 MHz 

tw 


58 


ns 

1 

CLK DEC to NRZ-Data Out. 

tDD 


25 

54 

ns 

2 

Setup Time CLK DEC to Reset AIS 

t S 2 

35 



ns 

3 

Hold Time of Reset AIS = '0' 

th2 

20 



ns 

3 

Setup Time Reset AIS = ‘1 ' to CLK DEC 

t S 2 

0 



ns 

3 

Reset AIS to AIS output 

tpd5 



42 

ns 

3 

CLK DEC to Error output 

tpd4 



62 

ns 

3 







HC-5560 


Line Code Descriptions 


AMI, Alternate Mark Inversion, is used primarily in North 
American T1 (1.544 MHz) and TIC (3.152 MHz) carriers. 
Zeros are coded as the absence of a pulse and one's are 
coded alternately as positive or negative pulses. This type of 
coding reduces the average voltage level to zero to eliminate 
DC spectral components, thereby eliminating DC wander. To 
simplify timing recovery, logic 1 's are encoded with 50% duty 
cycle pulses. 


PCM Code 000101 1 101000001 


AMI Code 


u 


To facilitate timing maintenance at regenerative repeaters 
along a transmission path, a minimum pulse density of logic 
1's is required. Using AMI, there is a possibility of long 
strings of zeros and the required density may not always 
exist, leading to timing jitter and therefore higher error 
rates. 


1 . If the immediate preceding pulse is of (— ) polarity, then 
code each group of 8 zeros as 000 — F OH — . 

2. If the immediate preceding pulse is of (+) polarity then 
code each group of 8 zeros as 000H — 0 — h 


101000000001 10 
000 -+ 0 +- 

-S — iiH/V— 

i r 11 ^irW 1 

V = Violation 

The BNZS coding schemes, in addition to eliminating DC 
wander, minimize timing jitter and allow a line error moni- 
toring capability. 


e.g. 

PCM Code 

B8ZS (-) 

B8ZS (+) 


A method for insuring minimum logic 1 density by substituting 
bipolar code in place of strings of 0's is called BNZS or 
Bipolar with N Zero Substitution. B6ZS is used commonly in 
North American T2 (6.321 2MHz) carriers. For every string of 
6 zeros, bipolar code is substituted according to the following 
rule; 

If the immediate preceding pulse is of (— ) polarity, 
then code each group of 6 zeros as 0 — h OH — , and if 
the immediate preceding pulse is of (+) polarity, code 
each group of 6 zeros as OH — 0 — h One can see the 
consecutive logic 1 pulses of the same polarity violate 
the AMI coding scheme. 


PCM Code 000101110000001 


Another coding scheme is HDB3, high density bipolar 3 used 

primarily in Europe for 2.048 MHz and 8.448 MHz carriers. 

This code is similar to BNZS in that it substitutes bipolar code 

for 4 consecutive zeros according to the following rule; 

1 . If the polarity of the immediate preceding pulse is ( — ) and 
there have been an odd (even) number of logic 1 pulses 
since the last substitution, each group of 4 consecutive 
zeros is coded as 000— (+00+). 

2. If the polarity of the immediate preceding pulse is (+) then 
the substitution is 000+(— 00— ) for odd (even) number of 
logic 1 pulses since the last substitution. 

e.g. 

I 4 1 I 4 1 

PCM Code 0000101 110000001 


B6ZS (-) 


B6ZS (+) 


V 

0 + - 0 - + 

irV'^inA 

V 

V = Violation 


B8ZS is used commonly in North American T1 (1 .544 MHz) 
and TIC (3.152 MHz) carriers. For every string of 8 zeros, 
bipolar code is substituted according to the following 
rules; 


000 - +00 + 

0 0 0 + - 0 0 - 

HPB3W 

V = Violation 

The 3 in HDB3 refers to the coding format that precludes 
strings of zeros greater than 3. Note that violations are 
produced only in the fourth bit location of the substitution 
code and that successive substitutions produce alternate 
polarity violations. 
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Timing Waveforms 



FIGURE 1. TRANSMITTER (CODER) TIMING WAVEFORMS 



FIGURE 2. RECEIVER (DECODER) TIMING WAVEFORMS 



FIGURE 3. RESET AIS INPUT, AIS OUTPUT. ERROR OUTPUT 
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Reset AIS U U LJ LI LJ L 


NRZ Data Out 


i_n_j 


“LJ 


i_ru — i_r 


AIS 


I 


FIGURE4. 

Two consecutive periods of Reset AIS, eac h containin g less than three zeros, sets AIS to a logic 'V and 
remains in a logic '1' state until a period of Reset AIS contains three or more zeros. 
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FIGURE5. 

Zeros which occur during a high to low transition of Reset AIS are counted with the zeros that occured before 
the high to low transition. 
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FIGURE 6. ENCODE TIMING AND DELAY 

Data is clocked on the negative edge of CLK ENC and appears on Out 1 , and Out 2. Out 1 and Out 2 are 
interchangable. Bipolar violations and all other pulses inserted by the line coding scheme to encode 
strings of zeros are labled with an "S". 
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CLK DEC 



8 cycles 


FIGURE 7. DECODE TIMING AND DELAY 

Data that appears on Aj n and Bj n is clocked by the positive edge of CLK DEC, decoded and zeros 
are inserted forall valid line code substitutions. The data then appears in non-return to zero form at output 
NRZ Data Out. Aj n and Bj n are interchangable. 


CLK DEC 


AIN 


rinjxruiJTjnjm 

1 I n Til T1 1 l I~sl TsL 

_n n 



ERROR 


FIGURE 8. 

The ERROR signal indicates bipolar violations that are not part of a valid substitution. 
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53 Harris HC-5553 6 


August 1991 


Continuous Variable 
Slope Delta Demodulator (CVSD) 


Features 

• All Digital 

• Requires Fewer External Parts 

• Low Power Drain: 1.5mW from Single 3V-7V Supply 

• Time Constants Determined by Clock Frequency; 
No Calibration or Drift Problems; Automatic Offset 
Adjustment 

• Filter Reset by Digital Control 

• Automatic Overload Recovery 

• Automatic “Quiet” Pattern Generation 

Applications 

• Voice Decoder for Digital Systems and Speech 
Syntheses 

• Voice Main 

• Audio Manipulations; Delay Lines, Echo Generation/ 
Suppression, Special Effects, etc. 

• Pager/Satellites 


Description 

The HC-55536 is a CMOS integrated circuit used to con- 
vert serial NRZ digital data to an analog (voice) signal. Con- 
version is by delta demodulation, using the Contrinuously 
Variable Slope (CVSD) method of demodulation. 

While signals are compatible with other CVSD circuits, the 
internal design is unique. The analog loop filters have been 
replaced by digital filters which use very low power and re- 
quire no external timing components. This digital approach 
allows inclusion of many desirable features, which other- 
wise would be difficult to implement. The device is usable 
from 9Kbits/sec to above 64Kbits/sec, and may be easily 
configured with the HC-55536 CVSD for a complete trans- 
mit/receive voice channel. 

The HC-55536 is available in a 14 pin Ceramic DIP pack- 
age. 


Pinout 


HC-55536 (CERAMIC DIP) 
TOP VIEW 



Functional Diagram 



a out 

(3) 


CLOCK 

(9) 


v DD digital gnd 


( 1 ) 


(8) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 


File Number 2888 
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Specifications HC-55536 


Absolute Maximum Ratings 

Voltage at Any Pin GND -0.3V to Vqd +0.3V 

Maximum Vqq Voltage +7.0V 

Minimum Vqd Voltage +3.0V 

Operating Vqd Range +3.0V to +7.0V 

Junction Temperature 1 75°C 


Operating Temperature Ranges 


HC-55536-5 0<>Cto+75OC 

HC-55536-9 -40OCto+85OC 

Storage Temperature Range -65°C to +1 50°C 


Electrical Specifications Unless Otherwise Specified: Vqd = +5.0V; Bit Range = 16K Bits/sec; typical parameters are at 
+25°C. Min-Max parameters are over operating temperature. 


PARAMETER 

MIN 

TYP 

MAX 

UNIT 

NOTE 

Clock Sampling Rate 

9 

16 

64 

Kbps 

(1) 

Clock Duty Cycle 

30 


70 

% 


Supply Voltage 

+3.0 


+7.0 

V 


Supply Current 


0.3 

1.5 

mA 


Logic 'T* Input, V|R 

3.5 

4.5 


V 

(2) 

Logic "0" Input , V|L 



1.5 

V 

(2) 

Audio Output Voltage 


0.5 

1.2 

Vrms 

(3) 

Audio Output Impedance 


150 


k£2 

(4) 

Syllabic Filter Time Constant 


4.0 


ms 

(5) 

L.P. Signal estimate Filter Time Conatant 


1.0 


ms 

(5) 

Step Size Ratio 


24 


dB 

(6) 

Resolution 


0.1 


% 

(7) 

Minimum Step Size 


0.2 


% 

(8) 

Signai/IMoise Ratio 

25 



dB 


Quieting Pattern Amplitude 


10 


mVp_p 

(9) 

Clamping Threshold 


0.75 


F.S. 

(11) 


NOTES: 

1. There is one NRZ data bit per clock period. Clock must be 
phased with digital data such that a positive clock transition 
occurs in the middle of each received data bit. Clock may be 
run at greater than 64Kbps or less than 9Kbps. 

2. Logic inputs are CMOS compatible at supply voltage and are 
diode protected. Digital data input is NRZ at clock rate 
and changes with negative clock transitions. 

3. This output includes a DC bias of Vqq/2; therefore, an AC 
coupling capacitor is required unless the output filter also 
includes this bias. 

4. Presents approximately 150KS7 in series with recovered 
audio voltage. Zero-signal reference is Vqq/2. 

5. Note that filter time cinstants are inversely proportional 
to clock rate. Both filters approximate single pole responses. 


6. Step size compression ratio of the syllabic filter is defined as 
the ratio of the filter output, with an equal 1-0 bit density 
input to the filter, to its minimum output. 

7. Minimum quantization voltage level expressed as a percentage 
of supply voltage. 

8. The minimum step size between levels is twice the resolution. 

9. The"quieting" pattern or idle-channel audio output steps at 
Vz the bit rate, changing state on negative clock transitions. 

10. The recovered signal will be clamped, and the computation 
will be Inhibited, when the recovered singal reaches three- 
quarters of full-scale value, and will unclamp when it falls 
below this value (positive or negative). 
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HC-55536 


FIG. 1. Illustrates the frequency response of the HC-55536 
for varying input levels. To prevent slope overload (slew 
rate limiting) do not exceed the OdB boundary. The fre- 
quency response is directly proportional to the sampling 
rate. The output levels were measured after filtering. 



100 200 300 500 800 1000 2000 3000 


FREQUENCY 


SAMPLING RATE (KbA) 
16 Kb/t 


FIGURE 1 - TRANSFER FUNCTION FOR CVSD AT 16Kbps 


Die Characteristics 

Transistor Count 


1790 

Die Dimensions 


154x93 

Substrate Potential 


+V 

Process 


...SAJI CMOS 

Thermal Constants (°C/W) 

Gja 

6jc 

Ceramic DIP, HC-55536 

75 

15 
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HC-55536 


Pin Description 


PIN NO. 

14- LEAD DIP 

SYMBOL 

DESCRIPTION 

1 

Vdd 

Positive supply voltage. 

2 

N.C. 

No internal connection is made to this pin. 

3 

Audio Out 

Recovered audio out. Presents approximately 1 50K£i source 
with DC offset of Vdd/ 2 should be externally AC couples. 

4 

N.C. 

No internal connection is made to this pin. 

5 

N.C. 

No internal connection is made to this pin. 

6,7 

N.C. 

No internal connection is made to these pins. 

8 

Digital GND. 

Logic Ground. 

9 

Clock 

Sampling rote clock must be synchronized with the digital input 
data such that the data is valid at the positive clock transition. 

10 

N.C. 

No internal connection is made to this pin. 

11 

N.C. 

No internal connection is made to this pin. 

12 

Digital In 

Input for the received serial NRZ digital data. 

13 

FZ 

Active low logic input. Activating this input resets the internal logic 
and forces the recovered audio output into the “quieting" condition. 

14 

N.C. 

No internal connection is made to this pin. 


NOTE: No active input should be left in a “floating condition”. 
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H C-55564 


August 1991 


Continuously Variable 
Slope Delta-Modulator (CVSD) 


Features 

® All Digital 

® Requires Few External Parts 

• Low Power Drain: 1.5mW Typical From Single 
3.0V-7V Supply 

• Time Constants Determined by Clock Frequency; 

No Calibration or Drift Problems: Automatic Offset 
Adjustment 

® Half Duplex Operation Under Digital Control 
® Filter Reset Under Digital Control 
® Automatic Overload Recovery 
® Automatic “Quiet” Pattern Generation 
® AGC Control Signal Available 

Applications 

• Voice Transmission Over Data Channels (Modems) 

® Voice/Data Multiplexing (Pair Gain) 

® Voice Encryption/Scrambling 
® Voicemail 

® Audio Manipulations: Delay Lines, 

Time Compression, Echo Generation/Suppression, 
Special Effects, etc. 

® Pagers/Satellites 
® Data Aquisition Systems 

® Voice I/O for Digital Systems and Speech Synthesis 

and Ease of 


Requiring Small Size, 
Reprogrammability 

Low Weight, 

Pinout 




HC-55564 



TOP VIEW 



KJ 


VddE 


14] DIG OUT 

ANALOG GND |T 


13] FZ 

a outGE 


T2] DIG IN 

agc[T 


TT] APT 

a, n |T 


10] ENC/DEC 

nc|T 


T) CLOCK 

nc[T 


T] DIGITAL GND 


Description 

The HC-55564 is a half duplex modulator/demodulator 
CMOS intergrated circuit used to convert voice signals into 
serial NRZ digital data and to reconvert that data into voice. 
The conversion is by delta-modulation, using the Contin- 
uously Variable Slope (CVSD) method of modulation/ 
de-modulation. 

While the signals are compatible with other CVSD circuits, 
the internal design is unique. The analog loop filters have 
been replaced by very low power digital filters which require 
no external timing components. This approach allows 
inclusion of many desirable features which would be 
difficult to implement using other approaches. 

The fundamental advantages of delta-modulation, along 
with its simplicity and serial data format, provide an efficient 
(low data rate/low memory requirements) method for voice 
digitization. 

The HC-55564 is usable from 9K bits/sec to above 
64Kbps. The unit is available in a 14 pin Ceramic DIP, in 
commercial 0°C to +75°C and industrial -40°C to +85°C, 
temperature ranges. See the Harris Military databook for a 
Mil-Std-883C compliant CVSD. Application Notes 607 and 
576 are available. 


Functional Diagram 


(X 
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FORC E 


*IN 

o — AV- 
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m 
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FIGURE 1. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2889 
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HC-55564 


Pin Description 


PIN # 
14-PIN 

DIP 

SYMBOL 

DESCRIPTION 

1 

VDD 

Positive Supply Voltage. Voltage range is +3.0V to -F7.0V. 

2 

Analog GND 

Analog Ground connection to D/A ladders and comparator. 

3 

a OUT 

Audio Out recovered from 10 bit DAC. May be used as side tone at the transmitter. Presents 
approximately 1 50 kilohm source with D.C. offset of Vdd/ 2. Within ±2dB of Audio Input. Should be 
externally AC coupled. 

4 

AGC 

Automatic Gain Control output. A logic low level will appear at this output when the recovered signal 
excursion reaches one-half of full scale value. In each half cycle full scale is Vqq/ 2. The mark-space 
ratio is proportional to the average signal level. 

5 

a IN 

Audio Input to comparator. Should be externally AC coupled. Presents approximately 280 kilohms 
in series with Vdd/2- 

6,7 

NC 

No internal connection is made to these pins. 

8 

Digital GND 

Logic ground. 0 V reference for all logic inputs and outputs. 

9 

Clock 

Sampling rate clock. In the decode mode, must be synchronized with the digital input data such 
that the data is valid at the positive clock transition. In the encode mode, the digital data is clocked out 
on the negative going clock transition. The clock rate equals the data rate. 

10 

Encode/ 

Decode 

A single CVSD can provide half-duplex operation. The encode or decode function is selected by the 
logic level applied to this input. A low level selects the encode mode, a high level the decode mode. 

11 

APT 

Alternate Plain Text input. Activating this input caused a digital quieting pattern to be transmitted, 
however; internally the CVSD is still functional and a signal is still available at the Aqut Port- 
Active low. 

12 

Digital In 

Input for the received digital NRZ data. 

13 

FZ 

Force Zero input. Activating this input resets the internal logic and forces the digital output and the 
recovered audio output into the “quieting” condition. An alternating 1 -0 pattern appears at the digital 
output at Vz the clock rate. When this is decoded by a receive CVSD, a 1 0mVp-p inaudible signal 
appears at audio output. Active low. 

14 

Digital Out 

Output for transmitted digital NRZ data. 


NOTE: No active input should be left in a “floating condition.” 
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Specifications HC-55564 


Absolute Maximum Ratings 


Voltage at Any Pin 

Maximum Vqd Voltage 

Minimum Vqd Voltage 

Operating Vqd 

Junction Temperature 

GND -0.3V to Vqd +0.3V 

+7.0V 

+3.0V 

+3.0V to +7.0V 

+1750C 

Operating Temperature Ranges 

HC-55564-5, -7 0°Cto+75°C 

HC-55564-9 -4C)OCto+85°C 

HC-55564-2 -55°C to +125°C 

Storage Temperature -65°C to +150°C 

Electrical Specifications 

Unless Otherwise Specified, typical parameters are at +25°C, min-max are over operating tempera- 
ture ranges. Vqd = +5.0V, Sampling Rate = 16Kbps, AG = DG = 0V, A|n = 1.2Vrms. 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

CONDITIONS 

CLK 

Sampling Rate 

9 

16 

64 

Kbps 

Note 1 

•dd 

Supply Current 

- 

0.3 

1.5 

mA 


V|H 

Logic ‘1 ’ Input 

3.5 

- 

- 

V 

Note 2 

V|L 

Logic ‘O’ Input 

- 

- 

1.5 

V 

Note 2 

v OH 

Logic ‘1 ’ Output 

4.0 

- 

- 

V 

Note 3 

VOL 

Logic ‘0’ Output 

- 

- 

0.4 

V 

Note 3 


Clock Duty Cycle 

30 

- 

70 

% 


a IN 

Audio Input Voltage 

- 

0.5 

1.2 

Vrms 

AC Coupled. Note 4 

a OUT 

Audio Output Voltage 

- 

0.5 

1.2 

Vrms 

AC Coupled. Note 5 

Z|N 

Audio Input Impedance 

- 

280 

- 

kO 

Note 6 

ZOUT 

Audio Output Impedance 

- 

150 

- 

kO 

Note 6 

a E-D 

Transfer Gain 

-2.0 

- 

+2.0 

dB 

No Load. Audio In to Audio Out. 

a E 

Encode Gain 

- 

0.34 

- 

dB 


a D 

Decode Gain 

- 

1.23 

- 

dB 


*SF 

Syllabic Filter Time Constant 

- 

4.0 

- 

mS 

Note 7 

*SE 

Signal Estimate Filter 

Time Constant 

1.0 

- 

- 

mS 

Note 7 


Resolution 

- 

0.1 

- 

% 

Note 8 


Minimum Step Size 

- 

0.2 

- 

% 

Note 9 

V QP 

Quieting Pattern Amplitude 

- 

10 

- 

mVp-p 

1 

FZ = 0V or APT = 0V, or 

A|n = 0V. Note 10, 13 

VATH 

AGC Threshold 

- 

0.5 

- 

F.S. 

Note 11 

V CTH 

Clamping Threshold 

- 

0.75 

- 

F.S. 

Note 12 

















HC-55564 


1. There is one NRZ (Non-Return Zero) data bit clock period. Data is 
clocked out on the negative clock edge. Data is clocked into the CVSD 
on the positive going edge (see Figure 2). Clock may be run at less than 
9Kbps and greater than 64Kbps. 

2. Logic inputs are CMOS compatible at supply voltage and are diode pro- 
tected. Digital data input is NRZ at clock rate. 

3. Logic outputs are CMOS compatible at supply voltage and will withstand 
short-circuits to Vqq or ground. Digital data output is NRZ and changes 
with negative clock transitions. Each output will drive one LS TTL load. 

4. Recommended voice input range for best voice performance. Should be 
externally AC coupled. 

5. May be used for side-tone in encode mode. Should be externally AC 
coupled. Varies with audio input level by ±dB. 

6. Presents series impedance with audio signal. Zero signal reference is 
approximately Vqq/2. 


7. Note that filter time constants are inversely proportional to clock rate. 
Both filters approximate single pole responses. 

8. Minimum quantization voltage level expressed as a percentage of supply 
voltage. 

9. The minimum step size between levels is twice the resolution. 

10. The "quieting” pattern or idle-channel audio output steps at one-half the 
bit rate, changing slate on negative clock transitions. 

11. A logic "0” will appear at the AGC output pin when the recovered signal 
reaches one-half of full-scale value (positive or negative), i.e. at V DD /2 
±25% of V DD . 

12. The recovered signal will be clamped, and the computation will be inhib- 
ited, when the recovered signal reaches three-quarters of full-scale val- 
ue, and will unclamp when it falls below this value (positive or negative). 

13. Typical encoding threshold for quieting pattern generation is 6.5mVrms 
at 1 kHz input signal, 1 6kHz clock. The threshold varies inversly with in- 
put frequency and proportionally with clock frequency. 



Die Characteristics 



Transistor Count 


1896 

Die Dimensions 


154x93 

Substrate Potential 


+V 

Process 


.. SAJI CMOS 

Thermal Constants (°C/W) 

6ja 

6jc 

Ceramic DIP 

75 

15 
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HC-55564 


Interface Circuit for HC-55564 CVSD 


AUDIO SOURCE 



CVSD Hookup for Evaluation 

The circuit in Figure 3 is sufficient to evaluate the voice 
quality of the CVSD, since when encoding the feedback sig- 
nal at the audio output pin is the reconstructed audio input 
signal. CVSD design considerations are as follows: 

1) Care should be taken in layout to maintain isolation be- 
tween analog and digital signal paths for proper noise 
consideration. 

2) Power supply decoupling is necessary as close to the 
device as possible. A 0.1 jjf should be sufficient. 

3) Ground, then power, must be present before any input 
signals are applied to the CVSD. Failure to observe this 
may cause a latchup condition which may be destruc- 
tive. Latchup may be removed by cycling the power off/ 
on. A power-up reset circuit may be used that strobes 
Force Zero (Pin 13) during power-up as follows: 



4) Analog (signal) ground (Pin 2) should be externally tied 
to Pin 8 and power ground. It is recommended that the 
A|n and AquT ground returns connect only to Pin 2. 

5) Digital inputs and outputs are compatible with standard 
CMOS logic using the same supply voltage. All unused 
logic inputs must be tied to the appropriate logic level for 
desired operation. TTL outputs will require 1 K Ohm pull- 
up resistors. Pins 4 and 14 will each drive CMOS logic 
or one low power TTL input. 

6) Since the Audio Out pins are internally DC biased to 
Vdd/ 2, AC coupling is required. In general, a value of 
0.1 fjf is sufficient for AC coupling of the CVSD audio 
pins to a filter circuit. 

7) The AGC output may be externally integrated to drive an 
AGC pre-amp, or it could drive an LED indicator through 
a buffer to indicate proper speaking volume. 
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Figures 4, 5, and 6 illustrate the typical frequency response 
of the HC-55564 for varying input levels and for varying 
sampling rates. To prevent slope overload (slew limiting), 
the OdB boundry should not be exceeded. The frequency 
response is directly proportional to the sampling clock rate. 


The flat bandwidth at OdB doubles for every 16kHz increase 
in sampling rate. The output levels were measured in the 
encode mode, without filtering, from Ain to AoUT> at V DD = 
+5V. OdB = 1.2Vrms. 


SIGNAL LEVEL r 

@ fl 0UT OdB 



10000 

INPUT FREQUENCY @ A| N (Hz) 


FIGURE 4. 16Kbps 


SIGNAL LEVEL 

@ aout 



INPUT FREQUENCY @ A|N (Hz) 


FIGURE 5. 32Kbps 


SIGNAL LEVEL 

@ aqut 



10000 

INPUT FREQUENCY @ A|n (Hz) 


FIGURE 6. 64Kbps 
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The following typical performance distortion graphs were harmonic distortion, an HP-3582A spectrum analyzer. All 
realized with the test configuration of Figure 7. The meas- measurement conditions were at Vqd = +5V, and 2nd and 
urement vehicle for Total Harmonic Distortion (THD) was an 3rd harmonic distortion measurements were C-message fil- 
HP-339A distortion measurement set, and for 2nd and 3rd tered. OdB = 1.2Vrms. 





FIGURE 7. TEST AND MEASUREMENT CIRCUIT 



FIGURE 8. CVSD SIGNAL LEVEL vs. TOTAL HARMONIC DISTORTION 
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CVSD SIGNAL TO 2ND AND 3RD HARMONIC DISTORTION C-MESSAGE WEIGHTED 
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FIGURE 9A, B, C. CVSD INPUT LEVEL vs. 
2ND AND 3RD HARMONIC DISTORTION 


FIGURE 10A, B, C. CVSD INPUT FREQUENCY vs. 
2ND AND 3RD HARMONIC DISTORTION 
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HARRIS QUALITY AND RELIABILITY 


INTRODUCTION 

THE ROLE OF THE QUALITY ORGANIZATION 

THE IMPROVEMENT PROCESS 

DESIGNING FOR MANUFACTURABILITY 

HARRIS SEMICONDUCTOR STANDARD PROCESSING FLOWS 

CONTROLLING AND IMPROVING THE MANUFACTURING PROCESS - SPC/DOX 

AVERAGE OUTGOING QUALITY (AOQ) 

Training 

Incoming Materials 

MANUFACTURING SCIENCE - CAM, JIT 

Computer Aided Manufacturing (CAM) 

Just In Time (JIT) 

MEASUREMENT 

Analytical Services Laboratory 

Calibration Laboratory 

Failure Analysis Laboratory 

RELIABILITY 

Reliability Assessment and Enhancement 

Qualifications 

In-Line Reliability Monitors 

PRODUCT/PACKAGE RELIABILITY MONITORS 

PFAST ACTION REQUEST FORM 

RELIABILITY FUNDAMENTALS 

Failure Rate Primer 

Failure Rate Calculations 

Acceleration Factors 

Activation Energy 

Qualification Procedures 


PAGE 

10-3 

10-3 

10-3 

10-5 

10-6 

10-8 

10-9 

10-9 

10-10 

10-11 

10-11 

10-11 

10-12 

10-12 

10-12 

10-13 

10-13 

10-13 

10-13 

10-13 

10-13 

10-14 

10-15 

10-15 

10-16 

10-16 

10-16 



10-1 


10-18 


QUALITY AND 
RELIABILITY 






Introduction 


Harris Quality & Reliability 


Success in the integrated circuit industry means more 
than simply meeting or exceeding the demands of 
today’s market. It also includes anticipating and 
accepting the challenges of the future. It results from 
a process of continuing improvement and evolution, 
with perfection as the constant goal. 

Harris Semiconductor’s commitment to supply only 
top value integrated circuits has made quality im- 
provement a mandate for every person in our work 
force — from circuit designer to manufacturing opera- 
tor, from hourly employee to corporate executive. 
Price is no longer the only determinant in marketplace 
competition. Quality, reliability, and performance en- 
joy significantly increased importance as measures of 
value in integrated circuits. 

Quality in integrated circuits cannot be added on or 
considered after the fact. It begins with the develop- 
ment of capable process technology and product 
design. It continues in manufacturing, through effec- 
tive controls at each process or step. It culminates in 
the delivery of products which meet or exceed the 
expectations of the customer. 

The Role of The Quality Organization 

The emphasis on building quality into the design and 
manufacturing processes of a product has resulted in 
a significant refocus of the role of the Quality organi- 
zation. In addition to facilitating the development of 
SPC and DOX programs and working with manufac- 
turing to establish control charts, Quality profession- 
als are involved in the measurement of equipment 
capability, standardization of inspection equipment 
and processes, procedures for chemical controls, 
analysis of inspection data and feedback to the manu- 
facturing areas, coordination of efforts for process 
and product improvement, optimization of environ- 
mental or raw materials quality, and the development 
of quality improvement programs with vendors. 

At critical manufacturing operations, process and 
product quality is analyzed through random statistical 
sampling and product monitors. The Quality organi- 
zation’s role is changing from policing quality to 
leadership and coordination of quality programs or 


procedures through auditing, sampling, consulting, 
and managing Quality Improvement projects. 

To support specific market requirements, or to ensure 
conformance to military or customer specifications, 
the Quality organization still performs many of the 
conventional quality functions (e.g., group testing for 
military products or wafer lot acceptance). But, true to 
the philosophy that quality is everyone’s job, much of 
the traditional on-line measurement and control of 
quality characteristics is where it belongs — with the 
people who make the product. The Quality organiza- 
tion is there to provide leadership and assistance in 
the deployment of quality techniques, and to monitor 
progress. 

The Improvement Process 


i 

IMPACT ON 
PRODUCT 
QUALITY 


STAGE I 


PRODUCT 

SCREENING 


STAGE II 



STAGE IV 

PRODUCT 

OPTIMIZATION 

STAGE III 


PROCESS 

OPTIMIZATION 


PROCESS 

CONTROL 


SOPHISTICATION OF 
QUALITY TECHNOLOGY 


FIGURE 1 . STAGES OF STATISTICAL QUALITY TECHNOLOGY 

Harris Semiconductor’s quality methodology is evolv- 
ing through the stages shown in Figure 1. In 1981 we 
embarked on a program to move beyond Stage I, and 
we are currently in the transition from Stage II to Stage 
III, as more and more of our people become involved 
in quality activities. The traditional “quality” tasks of 
screening, inspection, and testing are being replaced 
by more effective and efficient methods, putting new 
tools into the hands of all employees. Table 1 illus- 
trates how our quality systems are changing to meet 
today’s needs. 
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TABLE 1. TYPICAL ON-LINE MANUFACTURING/QUALITY FUNCTIONS 


MANUFACTURING 

CONTROLS 


QA/QC MONITOR 
AUDIT 






• JAN Self-Audit 

• Environmental 

- Room/Hood Particulates 

- Temperature/Humidity 

- Water Quality 

• Product 

- Junction Depth 

- Sheet Resistivities 

- Defect Density 

- Critical Dimensions 

- Visual Inspection 

- Lot Acceptance 

• Process 

- Film Thickness 

- Implant Dosages 

- Capacitance Voltage Changes 

- Conformance to Specification 

• Equipment 

- Repeatability 

- Profiles 

- Calibration 

- Preventive Maintenance 


• JAN Self-Audit 

• Environmental 

- Room/Hood Particulates 

- Temperature/Humidity 

- Water Quality 

• Product 

- Documentation Check 

- Dice Inspection 

- Wire Bond Pull Strength/Controls 

- Die Sear Controls 

- Pre-Seal Visual 

- Fine/Gross Leak 

- P1ND Test 

- Lead Finish Visuals, Thickness 

- Die Shear 

- Solderability 

• Process 

- Operator Quality Performance 

- Saw Controls 

- Die Attach Temperatures 

- Seal Parameters 

- Seal Temperature Profile 

- Sta-Bake Profile 

- Temp Cycle Chamber Temperature 

- ESD Protection 

- Plating Bath Controls 

- Mold Parameters 


• JAN Self-Audit 

• Temperature/Humidity 

• ESD Controls 

• Temperature Test Calibration 

• Test System Calibration 

• Test Procedures 

• Control Unit Compliance 

• Lot Acceptance Conformance 

• Group A Lot Acceptance 


• JAN Self-Audit 

• Wafer Repeat Correlation 

• Visual Requirements 

• Documentation 

• Process Performance 
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TABLE 1. TYPICAL ON-LINE MANUFACTURING/QUALITY FUNCTIONS (CONTINUED) 




MANUFACTURING 

QA/QC MONITOR 

AREA 

FUNCTION 

CONTROLS 

AUDIT 

Burn-In 

• JAN Self-Audit 


X 


• Functionality Board Check 

X 



• Oven Temperature Controls 

X 



• Procedural Conformance 


X 

Brand 

• JAN Self-Audit 


X 


• ESD Controls 

X 

X 


• Brand Permanency 

X 

X 


• Temperature/Humidity 

X 

X 


• Procedural Conformance 


X 

QCI Inspection 

• JAN Self-Audit 


X 


• Group B Conformance 


X 


• Group C and D Conformance 


X 


Designing For Manufacturability 

Assuring quality and reliability in integrated circuits 
begins with good product and process design. This 
has always been a strength in Harris Semiconductor’s 
quality approach. We have a very long lineage of high 
reliability, high performance products that have re- 
sulted from our commitment to design excellence. All 
Harris products are designed to meet the stringent 
quality and reliability requirements of the most de- 
manding end equipment applications, from military 
and space to industrial and telecommunications. The 
application of new tools and methods has allowed us 
to continuously upgrade the design process. 

Each new design is evaluated throughout the devel- 
opment cycle to validate the capability of the new 
product to meet the end market performance, quality, 
and reliability objectives. 

The validation process has four major components: 

1. Design simulation/optimization 

2. Layout verification 

3. Product demonstration 

4. Reliability assessment. 

Harris designers have an extensive set of very powerful 
Computer-Aided Design (CAD) tools to create and 
optimize product designs (see Table 2). 


TABLE 2. APPROACH AND IMPACT OF STATISTICAL 
QUALITY TECHNOLOGY 


STAGE 

APPROACH 

IMPACT 

1 

Product 

Screening 

• Stress and Test 

• Defective Prediction 

• Limited Quality 

• Costly 

• After-The-Fact 

II 

Process 

Control 

• Statistical Process 
Control 

• Just-In-Time 
Manufacturing 

• Identifies Variability 

• Reduces Costs 
° Real Time 

III 

Process 

Optimization 

• Design of Experi- 
ments 

• Process Simulation 

• Minimizes Variability 

• Before-The-Fact 

IV 

Product 

Optimization 

• Design for Prod uc- 
ibility 

• Product Simulation 

• Insensitive to Vari- 
ability 

• Designed-In Quality 

• Optimal Results 


Special Testing 

Harris Semiconductor offers several standard screen 
flows to support a customer’s need for additional test- 
ing and reliability assurance. These flows include 
environmental stress testing, burn-in, and electrical 
testing at temperatures other than +250C. The flows 
shown on pages 9-6 and 9-7 indicate the Harris 
standard screening processes. In addition, Harris can 
supply products tested to customer specifications 
both for electrical requirements and for non-standard 
environmental stress screening. Consult your field 
sales representative for details. 
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Harris Semiconductor Standard Processing Flows 


JAN CLASS B 


LASER 
TRIMMING 
AT BOTH 
PACKAGE AND 
WAFER LEVELS 


HIGH/ROOM 

TEMP 

PROBE TEST 


DIE ATTACH 
CONTROL 


WIRE BOND 
CONTROL 


PRE-SEAL 
WASH IN 
LAMINAR 
FLOW 


PRE-SEAL 
VISUAL 
INSPECTION 
IN CLASS 100 
LAMINAR 
FLOW 


PROBE/DICE 

PREPARATION 


PARTICLE 
IMPACT NOISE 
DETECTION 
(PIND) 

AS 

REQUIRED 


VISUAL 

INSPECTION 

PER 

MIL-STD-883 
METHOD 2010 
CONDITION B 
WITH QC 
MONITOR 


ASSEMBLY (1) 

□ OPERATION 
☆ QA MONITOR 


LEAD FRAME CLEAN 
DIE AND FRAME ATTACH 
CONTROL 
-☆ QA DIE ATTACH 
CONTROL (SPC) 
WIRE BOND 
-☆ QA WIRE BOND 
CONTROL 
PRE-SEAL CLEAN 
PRE-SEAL INSPECT 


-☆ QA PRE-SEAL INSPECT 
— I GSI 1 GSI INSPECTION 
CERDIP SEALING 
SEAL CONTROL 
TEMPERATURE CYCLE 
CENTRIFUGE 
TIN-PLATING 
-☆ QA TIN-PLATING 
INSPECT 
FINE LEAK TEST 

GROSS LEAK TEST 


FRAME REMOVAL 
LOAD SHIPPING TUBES 

☆ QA FINAL INSPECT 

☆ QA DOCUMENTATION 
^ INSPECT 


YES 

2-HOUR 

YES 

PER 

MIL-STD-883 
METHOD 2010 
CONDITION B 


AS 

APPLICABLE 
YES 
YES 
YES 
v YES 


(1) Example for a Cerdip Package Part 
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Harris Semiconductor Standard Processing Flows 

(Continued) 



DELTAS PER 
SLASH SHEET 
REQUIREMENT 
IF APPLICABLE 


IN-HOUSE 

MASS 

SPEC 

CAPABILITY 


COMPUTERIZED 

LOT 

TRACEABILITY 

MONITORING 

SYSTEM 


TEST (2) 

□ OPERATION 
☆ QA MONITOR 

□ ELECTRICAL TEST SORTING 
OPERATION 

□ SERIALIZE 

□ PRE BURN-IN ELECTRICAL 
TEST 

A BURN-IN (3) 


□ POST BURN-IN TEST 

☆ ALTERNATE GROUP A 

A APPLY BURN-IN PDA 
(AS APPLICABLE) 

A SOLDERDIP 
A FINE LEAK TEST 
A GROSS LEAK TEST 
A BRAND 
A EXTERNAL VISUAL 

☆ QUALITY 

CONFORMANCE 

INSPECTION 


6 FINAL DATA REVIEW 



PACKAGE & SHIP 
OR STOCK 


SMD 


883 

JAN CLASS B 


YES 


IF 

APPLICABLE 

YES 


160-HOUR @ 
+125°C, OR 
PER 

SLASH SHEET 
YES 
YES 
YES 


YES 

YES 

YES 

YES 

YES 

GROUP A, B, 
C, D 


YES 



(2) -55°C TO +125°C 

(3) Burn-In test temperatures can be increased and time reduced per regression tables in Mil-Std-883, Method 1015. 



TABLE 3. SUMMARIZING CONTROL APPLICATIONS 


FAB 1 

• Diffusion 

• Thin Film 

• 

Photo Resist • 

Measurement Equipment 

- Junction Depth 

- Film Thickness 


- Critical Dimension 

- Critical Dimension 

- Sheet Resistivities 

- Uniformity 


- Resist Thickness 

- Film Thickness 

- Oxide Thickness 

- Refractive Index 


- Etch Rates 

- 4 Point Probe 

- Implant Dose Calibration 

- Uniformity 

- Film Composition 



- Ellipsometer 

ASSEMBLY | 

• Pre-Seal 

• Post-Seal 

• 

Measurement 


- Die Prep Visuals 

- Internal Package Moisture 

- XRF 


- Yields 

- Tin Plate Thickness 


- Radiation Counter 


- Die Attach Heater Block 

- PIND Defect Rate 


- Thermocouples 


- Die Shear 

- Solder Thickness 


- GM-Force Measurement 


- Wire Pull 

- Leak Tests 




- Saw Blade Wear 

- Module Rm. Solder Pot Temp. 



- Pre-Cap Visuals 

- Seal 

- Temperature Cycle 




1*51 1 


- Handlers/Test Systems 

- 

Monitor Failures 



- Defect Pareto Charts 

- 

Lead Strengthening Quality 



- Lot % Defective 

- ESD Failures per Month 

- 

After Burn-In PDA 


OTHER | 

• IQC 

• Environment 

• 

IQC Measurement/Analysis 


- Vendor Performance 

- Water Quality 


- XRF 


- Material Criteria 

- Clean Room Control 


- ADE 


- Quality Levels 



- 4 Point Probe 

- Chemical Analysis Equipment 



Controlling and Improving the 
Manufacturing Process - S PC/D OX 

Statistical process control (SPC) is the basis for quality 
control and improvement at Harris Semiconductor. 
Harris manufacturing people use over 1 ,000 Shewhart 
control charts to determine the normal variabilities in 
processes, materials, and products. Critical process 
variables are measured and control limits are plotted on 
the control charts. Appropriate action is taken if the 
charts show that a variable is outside the process con- 
trol limits or indicates a trend toward the limit. These 


defects to the levels expected by today’s buyers. In ad- 
dition, screening and inspection have an associated 
expense, which raises product cost. 

Harris engineers are, instead, using Design of Experi- 
ments (DOX), a scientifically disciplined mechanism for 
evaluating and implementing improvements in product 
processes, materials, equipment, and facilities. These 
improvements are aimed at reducing the number of de- 
fects by studying the key variables controlling the pro- 
cess, and optimizing the procedures or design to yield 
the best result. This approach is a more time- 


same control charts are powerful tools for use in reduc- 
ing variations in processing, materials, and products. 
Table 3 lists some typical manufacturing applications 
of control charts at Harris Semiconductor. 

But SPC is only part of the solution. Processes which 
operate in statistical control are not always capable of 
meeting engineering requirements. The conventional 
way of dealing with this in the semiconductor industry 
has been to implement 100% screening or inspection 
steps to remove defects, but these techniques are in- 
sufficient to meet today’s demands for the highest relia- 
bility and perfect quality performance. 

Harris still uses screening and inspection to “grade” 
products and to satisfy specific customer requirements 
for burn-in, multiple temperature test insertions, 
environmental screening, and visual inspection as val- 
ue-added testing options. However, inspection and 


TABLE 4. HARRIS I.C. DESIGN TOOLS 



PRODUCTS | 

DESIGN STEP 

ANALOG 

DIGITAL 

Functional 

Simulation 

Slice 

Silos 

Proteous 

Socrates 

Parametric 

Simulation 

Slice 

Monte Carlo 

Slice 

Schematic 

Capture 

Notei 

Daisy 

SDA-Mass Comp 

Functional 

Checking 

Notei 

SDA-LVS 

Rules 

Checking 

Calma-DRC 

Harris Dash 

Parasitic 

Extraction 

Notei 

SDA-LVS 


screening are limited in their ability to reduce product notei. Tools are in Development. 
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consuming method of achieving quality perfection, 
but a better product results from the efforts, and the 
basic causes of product nonconformance can be 
eliminated. 

SPC, DOX, and design for manufacturability, coupled 
with our 1 00% test flows, combine in a product assur- 
ance program that delivers the quality and reliability 
performance demanded for today and for the future. 

Average Outgoing Quality (AOQ) 

Average Outgoing Quality is a yardstick for our 
success in quality manufacturing. The average out- 
going electrical defective is determined by randomly 
sampling units from each lot and is measured in parts 
per million (PPM). The current procedures and 
sampling plans outlined in MIL-STD-883 and MIL- 
M-38510 are used by our quality inspectors. 



Q1 Q2 Q3 04 Q1 Q2 Q3 04 Q1 Q2 Q3 04 
FY 80 FY 87 FY 83 


FIGURE 2. DEFECTIVE PARTS PER MILLION 


The focus on this quality parameter has resulted in a 
continuous improvement over the past three years. 
AOQ has improved from 1,000 PPM to less than 100 
PPM, and the goal for 1989 is to continue improve- 
ment toward a goal of 0 PPM. 

Training 

The basis of a successful transition from conventional 
quality programs to more effective, total involvement 
is training. Extensive training of personnel involved in 
product manufacturing began in 1984 at Harris, with 
a comprehensive development program in statistical 
methods. Using the resources of the University of 
Tennessee, private consultants, and internally devel- 
oped programs, training of over 2,000 engineers, 
supervisors, and operators/technicians has been 
completed. 

Nearly 1,000 operators, 100 supervisors, and more 
than 800 engineers have been trained in SPC 
methods, providing them with tools to improve the 
overall level of uniformity of Harris products. Almost 
300 engineers have received training in DOX 
methods: learning to evaluate changes in process op- 
erations, set up new processes, select or accept new 
equipment, evaluate materials, select vendors, com- 
pare two or more pieces of equipment, and compare 
two or more process techniques. 

Over the past four years, Harris has also deployed a 
comprehensive training program for hourly operators 
and supervisors in job requirements and functional 
skills. All hourly manufacturing employees participate 
(see Table 5). 


TABLE 5. SUMMARY OF TRAINING PROGRAMS 


COURSE 

AUDIENCE 

LENGTH 

TOPICS COVERED 

SPC 

Manufacturing Operators 

8 Hours 

Basic Philosophy, Statistical Calculations 

Graphing Techniques, Pareto Charts, Control Charts 

SPC 

Manufacturing Supervisors 

21 Hours 

Basic Philosophy, Statistical Calculations 

Graphing Techniques, Pareto Charts, Control Charts, 

Testing for Inspector Agreement, Cause & Effect Diagrams, 

1 & 2 Sample Methods 

SPC 

Engineers and Managers 

48 Hours 

Basic Philosophy, Graphical Methods, Control Charts, 
Rational Subgrouping, Variance Components, 1 & 2 

Sample Methods, Pareto Charts, Cause & Effect Diagrams 

DOX 

(Design of 
Experiments) 

Engineers and Managers 

88 Hours 

Factorial Designs, Fractional Factorial Designs, 

Blocking Designs, Variance Components, 

Computer Usage, Normal Probability Plotting 

RSM 

(Response Surface 
Methods) 

Engineers and Managers 

40 Hours 

Steepest Ascent, Central Composite Designs, 

Box-Behnken Designs, Computer Usage, 

Contour Plotting, Second Order Response Surfaces 

Continuous 

Improvement 

Methods 

Manufacturing Supervisors 

12 Hours 

Basic Philosophy, Pareto Analysis, Imagineering, 

Run Charts, Cause & Effect Diagrams, Histograms, 

Ideas of Control Charts 

SPC- 

The Essentials 

Department-Level 

Work Groups 

20 Hours 

Basic Philosophy, of Continous Improvement, Imagineering 
Pareto Charts, Cause & Effect Diagrams, Flow Charts, 
Graphical Display, Control Charts, Ideas of Experiment 
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incoming Materia/s 

With statistical procedures in place to improve quality 
in the manufacturing operation, the impact of silicon, 
chemicals, gases, and other materials used in 
processing the product has become more measura- 
ble. Quality and consistency are important; it is logical 
to feed the manufacturing line with materials 
manufactured by vendors using equivalent statistical 
controls. 

In order to ensure optimum quality of materials pur- 
chased from vendors, Harris initiated and coordinated 
an aggressive program to link key suppliers to our 
manufacturing operations. This network is formed by 
certifying strategic vendors who meet the highest 


quality standards while demonstrating a commitment 
to the use of statistical controls in their manufacturing 
operations. 

SPC seminars, development of open working relation- 
ships, understanding of manufacturing needs and 
vendor capabilities, and continual improvement prog- 
rams are all part of the certification process. Certified 
suppliers have passed stringent quality and SPC 
audits, while continuing to supply material with 100% 
conformance to Harris requirements. 

In addition to the certification process, Harris has 
worked to promote improved quality in the perform- 
ance of all our qualified vendors, who must meet 
rigorous incoming inspection criteria (see Table 6). 


TABLE 6. INCOMING QUALITY CONTROL MATERIAL QUALITY CONFORMANCE 


MATERIAL 

INCOMING INSPECTIONS 

VENDOR DATA REQUIREMENTS 

Silicon 

• Resistivity 

• Crystal Orientation 

• Dimensions 

• Edge Conditions 

• Taper 

• Thickness 

• Total Thickness Variation 

• Backside Criteria 

• Oxygen 

• Carbon 

• Equipment Capability Control Charts 

- Oxygen 

- Resistivity 

• Control Charts Related to 

- Enhanced Gettering 

- Total Thickness Variation 

- Total Indicated Reading 

- Particulates 

• Certificate of Analysis for all Critical Parameters 

Chemicals/Photoresists/ 

Gases 

• Chemicals 

- Assay 

- Major Contaminants 

• Molding Compounds 

- Spiral Flow 

- Thermal Characteristics 

• Gases 

- Impurities 

• Photoresists 

- Viscosity 

- Film Thickness 

- Solids 

- Pinholes 

• Certificate of Analysis on all Critical Parameters 

• Control Charts 

- Assay 

- Contaminants 

- Water 

- Selected Parameters 

• Control Charts 

- Assay 

- Contaminants 

• Control Charts on 

- Photospeed 

- Thickness 

- UV Absorbance 

- Filterability 

- Water 

- Contaminants 

Thin Film Materials 

• Assay 

• Selected Contaminants 

• Control Charts 

- Assay 

- Contaminants 

- Dimensional Characteristics 

• Certificate of Analysis for all Critical Parameters 

Assembly Materials 

• Visual Inspection 

• Physical Dimension Checks 

• Lead Integrity 

• Glass Composition 

• Bondability 

• lntermetallic Layer Adhesion 

• Ionic Contaminants 

• Thermal Characteristics 

• Lead Coplanarity 

• Plating Thickness 

• Hermeticity 

• Certificate of Analysis 

• Process Control Charts on Outgoing Product 

Checks and In-Line Process Controls 


















Manufacturing Science - CAM , JIT 

In addition to SPC and DOX as key tools to control the 
product and processes, Harris is deploying other 
management mechanisms in the factory. On first 
examination, these tools appear to be directed more 
at schedules and capacity. However, they have a sig- 
nificant impact on quality results. 

Computer Aided Manufacturing (CAM) 

CAM is a computer based inventory and productivity 
management tool which allows personnel to quickly 
identify production line problems and take corrective 
action. In addition, CAM improves scheduling and 
allows Harris to more quickly respond to changing 
customer requirements and aids in managing work in 
process (WIP) and inventories. 

The use of CAM has resulted in significant improve- 
ments in many areas. Better wafer lot tracking has 
facilitated a number of process improvements by cor- 
relating yields to process variables. In several places 
CAM has greatly improved capacity utilization 
through better planning and scheduling. Queues have 
been reduced and cycle times have been shortened 
— in some cases by as much as a factor of 2. 

The most dramatic benefit has been the reduction of 
WIP inventory levels, in one area by 500%. This re- 
sults in fewer lots in the area and a resulting quality 
improvement In wafer fab, defect rates are lower be- 
cause wafers spend less time in production areas 
awaiting processing. Lower inventory also improves 
morale and brings a more orderly flow to the area. 
CAM facilitates all of these advantages. 


Just In Time (JIT) 

A key adjunct to the CAM activity is Just In Time (JIT) 
material management. This is more than an inventory 
reduction technique: in many cases it involves 
reorganization of facilities and people. The essential 
concept is to fcrm work units that are responsible for 
doing the whole job rather than bits of it. An employee 
has control over equipment, maintenance, cleanli- 
ness, scheduling, material, quality, and improve- 
ments. 

In one Harris example, a photoresist flow consisting 
of several steps was previously organized in the clas- 
sical departmentalized way. The inspection and etch 
areas were in different serial locations from the depo- 
sition and alignment areas. Work piled up at the 
slowest operation (inspection), and quality problems 
detected there were decoupled from the areas prod- 
ucing them by 20 to 30 feet and at least one day. 
Rework rates were very high; scrap was 
unacceptable. 

When the area was reorganized into GT (group tech- 
nology) cells (a basic concept of JIT), the inspection 
and alignment areas were physically coupled and 
people were organized into teams. The whole job (fin- 
ished, defect-free wafers) was assigned to the GT cell 
(see Figure 3). Rework rates decreased 70%, scrap 
rates decreased 45%, and probe yields increased by 
50%. This is only one of hundreds of examples of how 
JIT has improved our factory performance. 

The JIT program/system works. This cultural change 
is vital and the benefits derived are impressive. 
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Measurement 

Analytical Services Laboratory 

Harris facilities, engineering, manufacturing, and product 
assurance are supported by the Analytical Services 
Laboratory. Organized into chemical or microbeam analysis 
methodology, staff and instrumentation from both labs 
cooperate in fully integrated approaches necessary to 
complete analytical studies. The capabilities of each area 
are shown below. 

SPECTROSCOPIC METHODS: Colorimetry, Optical 
Emission, Ultraviolet Visible, Fourier Transform-Infrared, 
Flame Atomic Absorption, Furnace Organic Carbon 
Analyzer, Mass Spectrometer. 

CHROMATOGRAPHIC METHODS: Gas Chromatography, 
Ion Chromatography. 

THERMAL METHODS: Differential Scanning Colorimetry, 
Thermogravimetric Analysis, Thermomechanical Analysis. 

PHYSICAL METHODS: Profilometry, Microhardness, 
Rheometry. 

CHEMICAL METHODS: Volumetric, Gravimetric, Specific 
Ion Electrodes. 

ELECTRON MICROSCOPE: Transmission Electron Mi- 
croscopy, Scanning Electron Microscope. 

X-RAY METHODS: Energy Dispersive X-ray Analysis 
(SEM), Wavelength Dispersive X-ray Analysis (SEM), 
X-ray Fluorescence Spectrometry, X-ray Diffraction 
Spectrometry. 

SURFACE ANALYSIS METHODS: Scanning Auger Micro- 
probe, Electron Spectroscope/Chemical Analysis, Secon- 
dary Ion Mass Spectrometry, Ion Scattering Spectrometry, 
Ion Microprobe. 

The department also maintains ongoing working 
arrangements with commercial, university, and equipment 
manufacturers’ technical service laboratories, and can 
obtain any materials analysis in cases where instrumental 
capabilities are not available in our own facility. 

Calibration Laboratory 

Another important resource in the product assurance 
system is Harris Semiconductor’s Calibration Lab. This area 
is responsible for calibrating the electronic, electrical, 
electro/mechanical, and optical equipment used in both the 
production and engineering areas. The accuracy of 
instruments used at Harris in calibration is traceable to the 
National Bureau of Standards. The lab maintains a system 
which conforms to the current revision of MIL-STD-45662, 
“Calibration System Requirements.” 

Each instrument requiring calibration is assigned a 
calibration interval based upon stability, purpose, and 
degree of use. The equipment is labeled with an 
identification tag on which is specified both the date of the 
last calibration and of the next required calibration. The 
Calibration Lab reports on a regular basis to each user 


department. Equipment out of calibration is taken out of 
service until calibration is performed. The Quality 
organization performs periodic audits to assure proper 
control in the using areas. Statistical procedures are used 
where applicable in the calibration process. 

Field Return Product Analysis System 

The purpose of this system is to enable Harris’ Field Sales 
and Quality operations to properly route, track and respond 
to our customers’ needs as they relate to product analysis. 

The Product Failure Analysis Solution Team (PFAST) 
consists of the group of people who must act together 
to provide timely, accurate and meaningful results to 
customers on units returned for analysis. This team includes 
the salesman or applications engineer who gets the parts 
from the customer, the PFAST controller who coordinates 
the response, the Product or Test Engineering people who 
obtain characterization and/or test data, the analysts 
who failure analyze the units, and the people who provide 
the ultimate corrective action. It is the coordinated effort of 
this team, through the system described in this document 
that will drive the Customer responsiveness and continuous 
improvement that will keep Harris on the forefront of the 
semiconductor business. 

The system and procedures define the processing of 
product being returned by the customer for analysis 
performed by Product Engineering, Reliability Failure 
Analysis and/or Quality Engineering. This system is 
designed for processing “sample” returns, not entire lot 
returns or lot replacements. 

The philosophy is that each site analyzes its own product. 
This applies the local expertise to the solutions and helps 
toward the goal of quick turn time. 

Goals: quick, accurate response, uniform deliverable 
(consistent quality) from each site, traceability. 

The PFAST system is summarized in the following steps: 

1) Customer calls the sales rep about the unit(s) to return. 

2) Fill out PFAST Action Request - see the PFAST form in 
this section. This form is all that is required to process a 
Field Return of samples for failure analysis. This form 
contains essential information necessary to perform root 
cause analysis. (See copy of page 10-14). 

3) The units must be packaged in a manner that prevents 
physical damage and prevents ESD. Send the units and 
PFAST form to the appropriate PFAST controller. This 
location can be determined at the field sales office or rep 
using “look-up” tables in the PFAST document. 

4) The PFAST controller will log the units and route them to 
ATE testing for data log. 

5) Test results will be reviewed and compared to customer 
complaint and a decision will be made to route the failure 
to the appropriate analytical group. 




6) The customer will be contacted with the ATE test results 
and interim findings on the analysis. This may relieve a 
line down situation or provide a rapid disposition of 
material. The customer contact is valuable in analytical 
process to insure root cause is found. 

7) A report will be written and sent directly to the customer 
with copies to sales, rep, responsible individuals with 
corrective actions and to the PFAST controller so that 
the records will capture the closure of the cycle. 

8) Each report will contain a feedback form (stamped and 
preaddressed) so that the PFAST team can assess their 
performance based on the customers assessment of 
quality and cycle time. 

9) The PFAST team objectives are to have a report in the 
customers hands in 28 days, or 14 days based on 
agreements. Interim results are given realtime. 

Failure Analysis Laboratory 

The Failure Analysis Laboratory’s capabilities encompass 
the isolation and identification of all failure modes/failure 
mechanisms, preparing comprehensive technical reports, 
and assigning appropriate corrective actions. Research vital 
to understanding the basic physics of the failure is also 
undertaken. 

Failure analysis is a method of enhancing product reliability 
and determining corrective action. It is the final and crucial 
step used to isolate potential reliability problems that may 
have occurred during reliability stressing. Accurate analysis 
results are imperative to assess effective corrective actions. 
To ensure the integrity of the analysis, correlation of the 
failure mechanism to the initial electrical failure is essential. 

A general failure analysis procedure has been established 
in accordance with the current revision of MIL-STD-883, 
Section 5003. The analysis procedure was designed on the 
premise that each step should provide information on the 
failure without destroying information to be obtained from 
subsequent steps. The exact steps for an analysis are 
determined as the situation dictates. (See Figures 4 and 5). 
Records are maintained by laboratory personnel and 
contain data, the failure analyst’s notes, and the formal 
Product Analysis Report. 

Reliability 

Reliability Assessment and Enhancement 

At Harris Semiconductor, reliability is built into every prod- 
uct by emphasizing quality throughout manufacturing. This 
starts by ensuring the excellence of the design, layout, and 
manufacturing process. The quality of the raw materials and 
workmanship is monitored using statistical process control 
(SPC) to preserve the reliability of the product. The primary 
and ultimate goal of these efforts is to provide full perform- 
ance to the product specification throughout its useful life. 
Product reliability is maintained through the following 
sources: Qualifications, In-Line Reliability Monitors, Failure 
Analysis. 


Qualifications 

Qualifications at Harris de-emphasize the sole dependence 
on production product which is only available late in the 
development cycle. The focus is primarily on the use of test 
vehicles to establish design ground rules for the product 
and the process that will eliminate any wearout 
mechanisms during the useful life of the product. However, 
to comply with the military requirements concerning reliabil- 
ity, product qualifications are performed. (See Figure 6). 

In-line Reliability Monitors 

In-line reliability monitors provide immediate feedback to 
manufacturing regarding the quality of workmanship, 
quality of raw materials, and the ultimate reliability 
implications. The rudimentary implementation of this 
monitoring is the “First Line of Defense,” which is a pass/ 
fail acceptance procedure based on control charts and 
trend analysis. The second level of monitoring is referred to 
as the “Early Warning System” and incorporates wafer level 
reliability concepts for extensive diagnostic and 
characterization capabilities of various components that 
may impact the device reliability or stability. The quick 
feedback from these schemes allows more accurate 
correlation to process steps and corrective actions. 

Product/Package Reliability Monitors 

Reliability of finished product is monitored extensively 
under a program called Matrix I, II, III monitor. All major 
technologies are monitored. 

Matrix I - Has a higher sampling size and rate per week and 
uses short duration test, usually less than 48 hours to as- 
sess day to day, week to week reliability. High volume types 
are prevalent in this data. Stresses - Operating Life, Static 
Life and HAST. T A = +1250C to +200OC 

Matrix II - Longer duration test, much like requalification. 
The sample sizes are reduced in number and frequency, 
yet meet or exceed the JEDEC Standard 29. Stresses 
Operating Life, Storage, THB, Autoclave, Temp Cycle, and 
Thermal Shock. 

Matrix III - Package specific test. Tests Solderability, Lead 
Fatigue, Physical Dimensions, Brand Adhesion, 
Flammability, Bond Pull, Constant Acceleration, and 
Hermeticity. 

Data from these Monitor Stress Test provides the following 
information: 

• Routine reliability monitoring of products by die 
technology and package styles. 

• Data base for determining FIT Rates and Failures Mode 
trends used drive Continuous Improvement. 

• Major source of reliability data for customers. 

• Customers have used this data to qualify Harris 
products. 
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Request ft 
Customer Analysis ft 


PFAST ACTION REQUEST 


Date: 


Originator 

Customer 

Location/Phone No. 

Location 

Device Type/Part No. 

Purchase Order No. 

No. Samples Returned 

Quantity Received 


The completeness and timely response of the evaluation is directly related to the completeness 

OF THE DATA PROVIDED. PLEASE PROVIDE ALL PERTINENT DATA. ATTACH ADDITIONAL SHEETS IF NECESSARY. 


TYPE OF PROBLEM 

1. □ Incoming Inspection 

□ 100% Screen □ Sample Inspection 

No. Tested No. of Rejects 

Are results representative of previous lots? 

□ YES □ NO 

□ Brief description of evaluation 

AND RESULTS ATTACHED 

2. □ In Process/Manufacturing Failure 

□ Board Checkout □ System Checkout 

□ Failed on Turn-on 

□ Failed after hours operation 

Was unit retested under incoming inspection 
conditions? □ YES □ NO 

□ Brief Description of how failure was isolated 
to component attached 

3. □ Field Failure 

Failed after hours operation 

Estimated failure rate % per 1000 hours 

End User Location 

Ambient Temperature C 

Min. C Max. C 

Rel. Humidity % 

□ End User failure correspondence attached 

ACTION REQUESTED BY CUSTOMER 


Specific Action Requested 

Impact of Failed Units on Customer’s Situation: 


Customer Contacts with Specific Knowledge of Rejects 

Name 

Position Phone 


DETAILS OF REJECT 

(Where appropriate serialize units and specify for each) 

Test Conditions Relating to Failure 

□ Tester Used (MFGR/MODEL) 

□ Test Temperature 

□ Test Time: □ Continuous Test 

□ One Shot (T = sec) 

□ Description of any observed condition to 

which failure appears sensitive: 


1. □ DC Failures 

□ Opens □ Shorts □ Leakage □ Stress 

□ Power Drain □ Input Level □ Output Level 

□ List of forcing conditions and measured 
results for each pin is attached 

□ Power supply sequencing attached 

2. □ AC Failures 

List Failing Characteristics 


Address of Failing Location (if .applicable) 
Attached: 

□ List of Power Supply and Driver Levels 

(Include pictures of waveforms). 

□ List of output levels and loading conditions 

□ Input and Output Timing Diagrams 

□ Description of Patterns Used 

(If not standard patterns, give very complete 
description including address sequence). 

3. □ PROM Programming Failures 

Address of Failures 

Programmer Used (MFG/Model/Rev. No.) 

4. □ Physical/Assembly Related Failures 

□ See Comments Below □ See Attached 


Additional Comments: 

































Failure Rate Calculations 


Reliability data for products may be composed of 
several different failure mechanisms and requires 
careful combining of diverse failure rates into one 
comprehensive failure rate. Calculating the failure rate 
is further complicated because failure mechanisms 
are thermally accelerated at varying rates and thereby 
have differing accelerating factors. Additionally, this 
data is usually obtained a variety of life tests at unique 
stress temperatures. The equation below accounts for 
these considerations and then inserts a statistical fac- 
tor to obtain the confidence interval for the failure rate. 

FIT = f B X-, ^ 

[2 K ] x 1 0 9 x M 

I TDHj AFjj J 


In the failure rate calculation, Acceleration Factors (AFjj) 
are used to derate the failure rate from thermally accel- 
erated Life Test conditions to a failure rate indicative of 
use temperatures. Though no standards exist, a tem- 
perature of +550C has been popular and allows some 
comparison of product failure rates. All Harris 
Semiconductor Reliability Reports will derate to +550C 
at both the 60% and 95% confidence intervals. 

Acceleration Factors 

The Acceleration Factors (AF) are determined from the 
Arrhenius Equation. This equation is used to describe 
physiochemical reaction rates and is an appropriate 
model for expressing the thermal acceleration of 
semiconductor failure mechanisms. 


B = # of distinct possible failure mechanisms 

K = # of life tests being combined 


AF = 



^stress 


Xj = # of failures for a given failure mechanism 

i = 1 , 2, . . . B 

TDGj = Total device hours of test time 
(unaccelerated) for Life Testj 

AFjj = Acceleration factor for appropriate failure 
mechanism i = 1 , 2, . . . K 

M = Statistical factor for calculating the upper 
confidence limit (M is a function of the total 
number of failures and an estimate of the 
standard deviation of the failure rates) 



AF = Acceleration Factor 

E a = Thermal Activation Energy in eV from Table 8 

K = Boltzmann’s Constant (8.62 x 1 0" 5 eV/°K) 

Both T use and T s t ress (in degrees Kelvin) include the 
internal temperature rise of the device and therefore 
represent the junction temperature. With the use of the 
Arrhenius Equation, the thermal Activation Energy (E a ) 
term is a major influence on the result. This term is 
usually empirically derived and can vary widely. 



FIGURE 4. NON-DESTRUCTIVE 


FIGURE 5. DESTRUCTIVE 









Activation Energy 

To determine the Activation Energy (E a ) of a 
mechanism (see Table 8) you must run at least two 
(preferably more) tests at different stresses (tempera- 
ture and/or voltage). The stresses will provide the time 
to failure (Tf) for the populations which will allow the 
simultaneous solution for the Activation Energy by 
putting the experimental results into the following 
equations. 

In (t f1 ) = C + E a 
KTi 

In (t f2 ) = C + E a 
KT 2 

Then, by subtracting the two equations, the Activation 
Energy becomes the only variable, as shown. 


In(t f1 ) - ln(t f2 ) = E a /k(1/T1-1/T2) 

E a = K* ((ln(t f1 ) - ln(t f2 ))/(1/ri - 1/T2)) 

The Activation Energy may be estimated by graphical 
analysis plots. Plotting In time and In temperature then 
provides a convenient nomogram that solves (esti- 
mates) the Activation Energy. 

Table 9 is a summary of military generic groups by 
process descriptions. 

All Harris Reliability Reports from qualifications and 
Group Cl (all high temperature operating life tests) 
will provide the data on all factors necessary to calcu- 
late and verify the reported failure rate (in FITs) using 
the methods outlined in this primer. 


TABLE 8. FAILURE MECHANISM 


FAILURE 

MECHANISM 

ACTIVATION 

ENERGY 

SCREENING AND 

TESTING METHODOLOGY 

CONTROL METHODOLOGY 

Oxide Defects 

0.3 - 0.5eV 

High temperature operating life (HTOL) and 
voltage stress. Defect density test vehicles. 

Statistical Process Control of oxide parameters, 
defect density control, and voltage stress testing. 

Silicon 

Defects (Bulk) 

0.3 - 0.5eV 

HTOL & voltage stress screens. 

Vendor Statistical Quality Control programs, and 
Statistical Process Control on thermal processes. 

Corrosion 

0.45eV 

Highly accelerated stress tesing (HAST) 

Passivation dopant control, hermetic seal control, 
improved mold compounds, and product handling. 

Assembly 

Defects 

0.5 - 0.7eV 

Temperature cycling, temperature and 
mechanical shock, and environmental 
stressing. 

Vendor Statistical Quality Control programs, 

Statistcal Process Control of assembly processes 
proper handling methods. 

Electromigration 

- AILine 

- Contact 

0.6eV 

0.9eV 

Test vehicle characterizations at highly 
elevated temperatures. 

Design ground rules, wafer process statistical 
process steps, photoresist, metals and 
passivation 

Mask Defects/ 

Photoresist 

Defects 

0.7eV 

Mask FAB comparator, print checks, defect 
density monitor in FAB, voltage stress test 
and HTOL. 

Clean room control, clean mask, pellicles 

Statistical Process Control or photoresist- 
/etch processes. 

Contamination 

I.OeV 

C-V stress at oxide/interconnect, wafer 

FAB device stress test (EWS) and HTOL. 

Statistical Process Control of C-V data, oxide/ 
interconnect cleans, high integrity glassivation 
and clean assembly processes. 


Charge 

Injection 


1.3eV 


HTOL & oxide characterization. 


Design ground rules, wafer level Statistical 
Process Control and critical dimensions for 
oxides. 






































Qualification Procedures 

New products are reliably introduced to market by the 
proper use of design techniques and strict adherence 
to process layout ground rules. Each design is 
reviewed from its conception through early produc- 
tion to ensure compliance to minimum failure rate 
standards. Ongoing monitoring of reliability perform- 
ance is accomplished through compliance to 883C 
and standard Quality Conformance Inspection as 
defined in Method 5005. 

New process/product qualifications have two major 
requirements imposed. First is a check to verify the 
proper use of process methodology, design tech- 


niques, and layout ground rules. Second is a series of 
stress tests designed to accelerate failure mecha- 
nisms and demonstrate the reliability of integrated cir- 
cuits. 

From the earliest stages of a new product’s life, the 
design phase, through layout, and in every step of the 
manufacturing process, reliability is an integral part of 
every Harris Semiconductor product. This kind of at- 
tention to detail “from the ground up” is the reason 
why our customers can expect the highest quality for 
any application. 


TABLE 9. HIGH TEMPERATURE OPERATING LIFE TEST SUMMARY 


GENERIC 

GROUP 

GROUP NAME 

D-49-3 

Op. Amplifiers 

D-49-4 

Op. Amplifiers 

D-53 

High Voltage 

Op. Amplifiers 

D-56 

Data Acquisition 

F-103 

T elecom munications 

F-81-3 

A/D Converters 

F-81-4 

A/D Converters 

F-82 

Switches & Mux 

F-99-3 

Active Filters 

F-99-4 

Active Filters 

G-85 

Op. Amplifiers 

G-86 

Comparators 

G-94-3 

Switches & Mux 

G-94-4 

Switches & Mux 

C-41-4 

CMOS RAMs 

C-41-5 

CMOS RAMs 

C-42-4 

CMOS PROMs & 
HPALs 

C-105-4 

Microprocessor and 
Peripherals 


PROCESS DESCRIPTION 


Std. Linear, Dl w/NiCr resistors 
Std. Linear, Dl w/NiCr resistors 
High voltage Dl 

High beta high frequency, Dl, NiCr 
SAJI IVA 
SAJI IVA 
SAJI IVA 

Dl Al Gate & Si Gate MOS 
SAJI IVA 
SAJI IVA 

Std. Linear, MOS, & High 
Frequency JFET 

Combination, Std. Linear & MOS 
Dl Al & Si Gate Linear CMOS 
Dl Al & Si Gate Linear CMOS 
SAJI CMOS 
SAJI CMOS 
SAJI CMOS 


QUANTITY 


3482 

324 

315 


QUANTITY HOURS 
FAILURE <g> 1 25°C 


3,215,708 

429,945 

284,943 

1,868,349 

403,960 

183,222 

328,000 

82,836 

184,262 

470,324 

535,728 

153,400 

7,443,054 

889,816 

2,247,526 

1,105,094 

4,074,728 


FAILURE 
RATE FITS 
> 55°C 60% Cl 



12 4,099,002 


NOTE: All infant mortality failures (up to 1 68 hours or equivalent) have been removed from products sampled. 
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FLOW - PRODUCT DEVELOPMENT 


RELIABILITY FOCUS 


PRODUCT DEFINITION REVIEW 


Assumes Process Development Required 


CONCEPT REVIEW 


Evaluate Reliability Risks Factors 

Attain Comm itment for Test Vehicle (T.V.) Development 


DESIGN REVIEW PART 1 



| DESIGN REVIEW PART2 | 




LAYOUT REVIEW PART 1 


Review Test Vehicle Development and Stress Test Plan 
Review Package Requirements 

Review Latent Failure Mechanism History for Design Sensitivity and Elimination 
Review Ground Rules for Design and Elimination of Wearout Mechanisms 
Review Process Characterization, Statistical Control & Capability which are Design 
Considerations 

Review Test Vehicle Stress Results 
Review Device Modeling & Simulations 
Review Process Variability & Producibility 

Define Wafer Reliability Monitor Vehicles, Application of Early Warning System 

* it * 

Verify Wearout Mechanisms are Eliminated by Design & Process Control 
(Test Vehicle + SPC) 

Evaluate Design of Chip to Package Risk Factors 
Review Ground Rule Checks (DRCs) 

Establish Reliability Test, Stress and Failure Analysis Capabilities. Project Failure Rate 
Based on T.V. Data. 


LAYOUT REVIEW 2 


Review Burn-In Diagrams for Production and Qualification 
Review Overall Qualification Plan & Begin Balance of Life Test 


EVALUATION REVIEW 


Review Product Characterization to Data Sheet, ESD, Latch-up & DPA Results & 
Define Corrective Actions 

Review of Life Test Data & Failure Mechanisms. Define Corrective Actions 
Utilize Statistical Design of Experiments (DOX) if Required to Adjust Process or Design 
Define Necessary Changes to Eliminate Any Systematic Failure Mechanism 
If Mature Process - Grant Generic Release 


NEW PRODUCT TRANSFER 


Qualification Requirements Complete and Presented. Meet FIT Rate Requirements 
Review Infant Mortality (I.M.) Burn-in Results. If Greater Than 1% at 125°C 
Determine I.M. Burn-in Requirements 


MANUFACTURE 


Reliabiltiy Monitors: 

► Real Time Early Warning Wafer Level Reliability control 

► Real Time Reliability Control of Burn-in PDA with Control Charts 

► Add-On Life Testing: - Mil Std Group C & D 

- Industrial/Commercial Life Testing 

Trend Analysis of Reliability Performance Used to Develop Product Improvements 
Special Studies 


High Quality and Reliability Products to Harris Customers 


CONTINUOUS IMPROVEMENT 


• Failure Analysis - Determine Assignable Cause of Failure 

• Closed Loop Corrective Action Process 

• Continuous Improvement Objectives in Product Reliability & Quality 


FIGURE 6. NEW PROCESS PRODUCT DEVELOPMENT AND LIFE CYCLE 
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APPLICATION NOTE ABSTRACTS 


AN# 

509 

514 

515 

517 

519 

525 

526 

538 

540 

541 

544 


TITLE 

A Simple Comparator 
Using The HA-2620 

The HA-2400 PRAM 
Four Channel 
Operational Amplifier 


Operational Amplifier 
Stability: Input Capaci- 
tance Considerations 

Applications of a Mono- 
lithic Sample and Hold/ 
Gated Op Amp 

Operational Amplifiers 
Noise Prediction. 


HA-5190/5195 Fast 
Settling Operational 
Amplifier 

HA-5190/5195 Video 
Applications 


Monolithic Sample/Hold 
Combines Speed and 
Precision 


ABSTRACTS 

Performance characteristics, application schematics, output parameter control 
methods. 

HA-2400 PRogrammable Analog Microcircuit description, frequency compensation, 
applications (analog multiplexer, non-inverting programmable gain amplifier, inverting 
programmable gain amplifier, programmable attenuator, programmable adder-subtractor, 
phase selector, phase detector, synchronous rectifier, balanced modulator, integrator, 
ramp generator, track and hold, sample and hold, sine wave oscillator, multivibrator, active 
filter, programmable power supply, comparator, multiplying D/A converter). 

Input capacitance and stability, capacitive feedback compensation, guidelines for 
compensation requirements. 

General Sample and Hold information and fourteen specific applications, including 
filtered Sample & Hold DAC de-glitcher, Integrate-Hold-Reset, gated op amp, etc. 


Noise model and equations, procedure for computing total output noise, example, 
broadband noise measurement, spot noise prediction techniques, typical spot noise 
curves, popcorn noise discussion. 

Internal schematic, prototyping considerations, frequency compensation, performance 
enhancement methods, applications. 


Video applications, video response tests, S/N ratio measurements, power supply 
requirements temperature considerations, design hints, prototyping tips, RF AGC 
amplifier, DC gain controlled video amplifier. 

Description and electrical specifications for the HA-5320 Sample/Hold Amplifiers, 
explanation of errors sources, and HA-5320 applications. 


HA-5170 Precision Low Internal design and technology, J-FET noise discussion, trimming of offset voltage, 
Noise J-FET Input single op amp Instrumentation Amplifier, sine wave oscillator, high impedance 

Operational Amplifier transducer interface, current source/sink and current sense circuits. 


Using HA-2539/2540 
Very High Slew-Rate 
Wideband Operational 
Amplifiers 


Prototyping considerations, output short circuit protection, offset voltage adjustment, 
frequency compensation, composite amplifier scheme, DC error reduction, boosting 
output current, increasing output signal swing, cascade amplifier, video gain block, 
high frequency oscillator, wideband signal splitter. 


Micropower Op Amp Operation, noise performance, applications (remote sensor loop transmitter, charge 

Family, HA-51 4X, pool power supply, low power microphone preamplifier, AGC with squelch control, 

Wein bridge oscillator, bar code scanner, monostable multivibrator). 
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Application Note Abstracts (Continued) 


AN# 

TITLE 

ABSTRACTS 

546 

A Method of Calculating 
HA-2625 Gain Band- 
width Product vs. 
Temperature 

A method of calculating Gain Bandwidth product performance versus temperature for 
the HA-2625 Op Amp. 

548 

A Designer’s Guide for 
the HA-5033 

Video Buffer 

Operation, video performance, video parameter specifications, Y parameters, applica- 
tions (flash converter pre-driver, coaxial line driver, video gain block, high speed 
sample and hold, audio drivers, crystal oscillator). 

549 

The HC-550X Telephone 
Subscriber Line Interface 
Circuit 

Complete description of device functionality and applications of SLIC. 

550 

Using the HA-2541 

Prototyping guidelines, thermal considerations and heat sinking, performance enhan- 
cements, applications (Wein bridge oscillator, high power gain stage, video stage with 
clamp, multiplexer/demultiplexer, disk drive write amplifier, gain programmable amp, 
composite amp). 

551 

Recommended Test 
Procedures for 
Operational Amplifiers 

Operational amplifier test procedures for offset voltage, bias current, offset current, 
power supply rejection ratio, common mode rejection ratio, output voltage swing, 
output current, open loop gain, slew rate, full power bandwidth, transient response, 
settling time, GBP, phase margin, noise voltage and current, and channel seperation. 

552 

Using the HA-2542 

Prototyping guidelines, thermal considerations and heat sinking, performance enhan- 
cements, applications (multi-channel security system, unbalanced coaxial driver, flash 
converter driver, programmable power supply, bridge load driver, high current stage, 
differential line driver, DC motor speed control). 

553 

Using the HA-5147/ 
5137/512 7 

Construction and operation, low noise design applications (instrumentation amplifier 
bridge sensor, multiplexer, precision threshold detector, audio driver, NAB amplifier, 
multivibrator, programmable gain stage, log amp, professional mixer). 

554 

Low Noise Family 

HA-5101/5102/5104/ 

5112/5114 

Low noise design, operation, applications (Electronic scales, programmable attentuator, 
Baxandal circuit, RIAA amplifier, NAB preamplifier, microphone amplifier, standard and 
simple biquads, professional mixer. 

556 

Thermal Safe- 
Operating-Areas for 

High Current Op Amps 

Thermal management equations and curves indicating areas of VoUT and loUT safe 
operation. Also, the effects of packaging and heat sinking are examined. 

558 

Using the HV1 205 AC to 
DC Converter 

Explains the basic theory of operation of the HV-1205. Presents a discussion of 
external components required for operation, PC board layout recommendations and 
safety considerations 

571 

Using Ring Sync with 
HC-5502A and HC5504 
SLICs 

Describes use of the SLICs Ring Synchronization pin and why you should us it. 

573 

The HC-5560 Digital 

Line Transcoder 

Full functional and applications description of HC-5560 transcoder and line codes. 

574 

Understanding PCM 
Coding 

The process of converting analog voice signals into Time Division Multiplexed (TDM) 
Pulse Code Modulated (PCM) format is described and illustrated. 

607 

Delta Modulation for 

Voice Transmission 

Introduction to delta modulation coding techniques, 4 general applications, including 
digital transmission encryption, voice scrambling and audio delay. Also CVSD evalua- 
tion guidelines. 
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Application Note Abstracts (Continued) 


AN# 

TITLE 

ABSTRACTS 

9006 

HV-2405E Opera- 
tion from Full Bridge 

A brief discussion of function of the source resistor (R-j) and the benefits of using a 
bridge rectifier to reduce the power dissipation in R-j. Presents several points to be 
kept in mind when implementing the full bridge (i.e. safety aspects, filtering of output so 
device will reset for the next cycle and circuit operation verification with test equip- 
ment). 

9101 

High Current Off Line 
Power Supply 

Explains the basic theory of operation of the HV-1205/2405E and show how to in- 
crease the maximum output current from 50mA to greater than 250mA. A detailed de- 
scription of the circuit operation, to achieve the higher currents, is presented along with 
suggestions for external component selection. 

A007 

Using the 8048/8049 
Monolithic Log-Anti- 
Log Amplifier 

Describes in detail the operation of the 8048 logarithmetic amplifier, and its counter- 
part, the 8049 anti-log amp. 

A01 3 

Everything You Always 
Wanted to Know About 
the 8038 

This note includes 1 7 of the most asked questions regarding the use of the 8038. 

A027 

Power Supply Design 
Using the ICL8211 
and ICL8212 

Explains the operation of the ICL821 1/12 and describes various power supply config- 
urations. Included are positive and negative voltage regulators, constant current 
source, programmable current source, current limiting, voltage crowbarring, power 
supply window detector, etc. 

A040 

A Precision Four 
Quadrant Multiplier- 
The 8013 

Describes, iq detail, the operation of the 8013 analog multiplier. Included are multipli- 
cation, division, and square root applications. 

A051 

Principles and 
Applications of the 
ICL7660 CMOS 

Voltage Converter 

Describes internal operation of the ICL7660. Includes a wide range of possible 
applications. 

A053 

The ICL7650 - A 

New Era in Glitch- 
Free Chopper 

Stabilizer Amplifiers 

A brief discussion of the internal operation of the ICL7650, followed by an extensive 
applications section including amplifiers, comparators, log-amps, pre-amps, etc. 

1CAN5290 

General Purpose 

Op Amps 

Discusses various uses of op amps 

ICAN5296 

CA3018 

Transistor Array 

ICAN5337 

CA3028 

RF amplifiers in the HF and VHF ranges. 

1CAN5380 

FM IF Amplifiers 

Discusses differential amplifier configurations. 

ICAN5766 

C A3 020 

Multipurpose wideband power amplifiers 

ICAN6048 

C A3 094 

Programmable power switch/amplifier. 

ICAN6077 

CA3094 

OTA with power capability. 

ICAN6157 

CA3085 

Monolithic voltage regulators. 

ICAN6182 

CA3059 

Zero-voltage switches. 

ICAN6247 

CA3126 

Chroma processing 1C using sample and hold circuit techniques. 
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APPLICATION NOTE 
ABSTRACTS 



Application Note Abstracts (Continued) 


AN# 

TITLE 

ABSTRACTS 

ICAN6257 

CA3089 

FM IF Subsystem. 

ICAN6386 

CA3130 

Understanding BiMOS op amps. 

ICAN6459 

CA3130 

Why and how to use the BiMOS op amp. 

ICAN6472 

CA3126 

A chrominance demodulator 1C with dynamic flesh correction. 

ICAN6525 

1C Handling 

Guide to 1C handling. 

ICAN6668 

CA3080 

High performance OTA. 

ICAN6669 

CA3240 

BiMOS op amp mates directly to system sensors. 

ICAN6732 

Noise Measurement 

Measurement of burst noise and “popcorn” noise in ICs. 

ICAN681 8 

CA3280 

OTA simplifies complex analog designs. 

1CAN691 5 

CA1 524 

Pulse-width modulators. 

ICAN6998 

Telecom 

Telephony in Digital Evolution. 

ICAN7037 

Telecom 

Logarithmic units of measure in telecommunications. 

ICAN7127 

CA3420 

BiMOS amplifier circumvents low voltage limitations. 

ICAN7174 

CA1 524 

Pulse-width modulator in an electronic scale. 

ICAN7175 

CA3217 

Integrated NTSC chrominance/luminance processor 

ICAN7304 

SCR Protection 

Discusses SCR Protection Circuits for ICs. 

ICAN8636 

Video Devices 

Discusses advanced video speed switches, multiplexers, crosspoints and buffer 
amplifiers. 

ICAN8707 

CA3450 

Single chip video line driver-high speed op amp. 

ICAN8742 

CD22402 

Sync Generator 

ICAN881 1 

CA5470 

BiMOS-E process enhances quad op amp. 

ICE-402 

Operating 

Considerations 

Discusses operating considerations for solid state devices. 

Harris Analog Spice Macro-Models available upon request. 
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SOIC Packaging Information 


Commercial Signal Processing 
Linear Products Offered in SOIC 

This table is provided as a guide for selecting devices which 
are available in Small Outline Packages. Enhanced electrical 
grades of these devices are available, or planned, as stand- 
ard offerings. Devices in development at the time of printing 


are included for future consideration, and are denoted by an 
**’. Please consult your nearest Harris Sales Office, Repre- 
sentative or Distributor for the most current information on 
packaging and availability. 


LINEAR SOIC PRODUCT OFFERINGS 



DESCRIPTION 


SINGLE OPERATIONAL AMPLIFIERS 

CA3078 Micropower Bipolar 

CA3080 Transconductance Amplifier 

CA3100 Broadband BiMOS 

CA3130 General Purpose BiMOS 

CA3140 General Purpose BiMOS 

CA3440 * Nano Power BiMOS 

CA51 30 General Purpose +5V BiMOS 

CA5130A * General Purpose +5V BiMOS 

CA51 60 * General Purpose +5V BiMOS 

CA5420 * Low Bias +5V BiMOS 

HA-2525 High Slew Rate 

HA-2529 High Slew Rate High Output 

HA-2539 Broadband High Slew Rate 

HA-2540 Broadband Fast Settling 

HA-2544 Video Unity Gain 

HA-2548 * Precision High Speed 

HA-2605 General Purpose 

HA-2625 Broadband 

HA-2839 * High Slew Rate 

HA-2840 High Slew Rate 

HA-2841 Wideband Fast Settling 

HA-2842 Wideband High Slew Rate 

HA-5020 1 00MHz Current Feedback 

HA-51 01 Low Noise Unity Gain 

HA-51 1 1 Low Noise Broadband 

HA-5221 * Broadband Precision 

HA-51 95 Fast Settling Wideband 

HA-77 1 2 * Low Power Precision BiMOS 

HA-77 1 3 * Low Power Precision BiMOS 

H FA-0001 * Ultra High Slew Rate 

HFA-0002 * Ultra Wideband Low Noise 

HFA-0005 * Ultra Wideband Unity Gain 

ICL7611 Prog. Low Power CMOS 

ICL761 2 Prog. Low Power CMOS 


DUAL OPERATIONAL AMPLIFIERS 


CA1 58 General Purpose 

CA2904 General Purpose 

HA-5102 Low Noise Unity Gain 

HA-51 1 2 Low Noise Broadband 

HA-5142 Low Power Bipolar 

HA-5222 * Broadband Precision 

HA-5232 * Low Cost Precision 

ICL7621 Low Power CMOS 


Product in Development, Lead Count and Body Dimensions May Change. 


OPERATING TEMPERATURE (OC) 


BODY 

LEAD WIDTH . i i , 

COUNT (MILS) 0/+70 -25/+85 -40/+85 -55/+125 
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LINEAR SOIC PRODUCT OFFERINGS (Continued) 


OPERATING TEMPERATURE (OQ 




BODY 


LEAD 

WIDTH 

DESCRIPTION 

COUNT 

(MILS) 


PRODUCT 


QUAD OPERATIONAL AMPLIFIERS 


CA124 

General Purpose 

CA5470 

Broadband +5V BiMOS 

HA-4741 

General Purpose 

HA-5104 

Low Noise Unity Gain 

HA-5114 

Low Noise Broadband 

HA-5144 

Low Power Bipolar 

HA-5234* 

Low Cost Precision 

LM2902 

General Purpose 


DIFFERENTIAL AMPLIFIERS 


CA3028 

Differential/Cascode 

CA3053 

Differential/Cascode 

CA3054 

Transistor Array Dual 


Independent 

C A3 102 

Dual High Frequency 


VIDEO BUFFER/CURRENT AMPLIFIERS 


HA-5002 

HA-5033 


COMPARATORS 


High Slew Rate 
Broadband High Slew Rate 



CA139 

General Purpose 

14 

HA-4905 * 

130ns Bipolar Quad 

16 

H FA-0003* 

Ultra-High Speed 

8 

HFA-0003L* 

Ultra-High Speed 

16 

LM2901 

General Purpose 

14 

LM3302 

General Purpose 

14 


HC5509B 

SLIC 

28 

HC5502B* 

SLIC 

24 

HC5504B* 

SLIC 

24 

HC5504DLC* 

SLIC 

24 

HC5524* 

SLIC 

28 
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LINEAR SOIC PRODUCT OFFERINGS (Continued) 


OPERATING TEMPERATURE (<>C) 


PRODUCT 


SAMPLE & HOLDS 


DESCRIPTION 


LEAD 

COUNT 


HA-2425 * 
HA-5340 * 
ARRAYS 


3.2 jis Monolithic S/H 

0.7 (as Low Distortion Monolithic 


CA3039 

General Purpose Diode 

CA3046 

General Purpose N-P-N Transistor 

CA3081 

High Current N-P-N Transistor 

CA3082 

High Current N-P-N Transistor 

CA3083 

High Current N-P-N Transistor 

CA3086 

General Purpose N-P-N Transistor 

CA3096 

N-P-N/P-N-P Transistor 

CA3127 

High Frequency N-P-N Transistor 

CA3146 

High Voltage N-P-N Transistor 

CA3183 

High Voltage N-P-N Transistor 

CA3227 

High Frequency N-P-N Transistor 

CA3246 

High Frequency N-P-N Transistor 



POWER MANAGEMENT ICs 
CA3094 Prog. Power Switch/Amplifier 

ICL7660 CMOS Voltage Converter 

ICL7660S CMOS Voltage Converter 

ICL7662 * CMOS High Voltage Converter 

ICL7663S CMOS Prog. Pos. Voltage Reg. 

ICL7665S CMOS Over/Under Voltage Det. 

ICL7667 Dual Power MOS Driver 

ICL7673 Battery Backup Switch 

ICL821 1 Programmable Voltage Detector 

ICL8212 Programmable Voltage Detector 


SPECIAL ANALOG FUNCTION ICs 


CA555 555 Timer 

HA-2406 4 Channel Multiplexed Amplifier 

HA-2546 * Wideband Analog Multiplier 
HA-2547 * Wideband Two Quad 

HA-2556 * Wideband Four Quad 

HA-2557 * Wideband Four Quad 

ICM7242 Log Antilog 

ICM7555 CMOS General Purpose Timer 


Product in Development, Lead Count and Body Dimensions May Change. 









FOR PRODUCTS WITH PREFIX OF: 


‘CA’ 


‘HA’, ‘HC’ or ‘HFA’ 


‘ICL’ or'ICM’ 


THE SOIC PACKAGE CODE IS: 


‘M’ Suffix 


‘9P’ Prefix 


‘B’ Suffix 


THE TAPE AND REEL CODE IS: 


‘M96’ Suffix 


*-T Suffix 


‘-T Suffix 
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CA/CD-Type Packaging & Ordering Information 


Linear (CA Series)/Telecom (CD Series) 

Linear ICs and Telecom ICs are available in a wide 
variety of package designs. These packages are 
identified by suffix letters indicated in the chart below. 
When ordering Linear or Telecom devices, it is 
important that the appropriate suffix letter be affixed 
to the type number as indicated on the price 
schedule. 


PACKAGE 

CA/CD SERIES 

Dual-ln-Line Ceramic 

D 

Dual-ln-Line Plastic 

E 

Frit-Seal Dual-ln-Line Ceramic 

F 

Quad-In-Line Plastic 

Q 

Plastic Lead Chip Carrier 

Q 

Dual-ln-Line Formed Lead TO-5 

S 

TO-5 Style Package 

T 

Small Outline (SO) Plastic 

M 


Extra Value Screening 

Linear product with extra value screening has an X added to 
the standard type number in the price list, and is also 
branded as such. A white dot will indicate location of Pin 1. 
Example: 

A CA3080E with Extra Value screening is designated 
CA3080EX in the price list. It is branded CA3080EX plus a 
white dot at pin number 1. 

Tape & Reel for Small-Outline Packages 

With the introduction of small-outline packages, Harris now 
offers its customers the convenient tape and reel style 
packaging. Small-outline devices, which can be tape and 
reeled, are denoted with the suffix “M96” or “AM96” in the 
linear and high speed logic product lines. Devices must be 
ordered in multiples of quantities listed below. Any returns 
must be full and unopened reels. 


LEAD 

COUNT 

TAPE 

WIDTH 

(mm) 

REEL 

SIZE 

(INCHES) 

DEVICES 

PER 

REEL 

8 

12 

13 

2500 

14 

16 

13 

2500 

16 

16 

13 

2500 

24 

24 

13 

1000 


Product Flow 


STANDARD 

PRODUCT 



Q Production State or Process 
<3> Quality Assurance Step 
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Package Outlines 


Dual-In-Line Welded-Seal Ceramic Package 



INDEX AREA 


/ - 

2 3 

P 1 ! P 3 ! FR FR FR 


f 

ll 

Til 

BOTTOM VIEW 

El eA E 

N 

HET 


All 


(D) SUFFIX 

16-LEAD DUAL-IN-LINE WELDED-SEAL CERAMIC PACKAGE 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.120 

0.160 

3.05 

4.06 


A1 

0.020 

0.065 

0.51 

1.65 


B 

0.014 

0.020 

0.356 

0.508 


B1 

0.050 

0.065 

1.27 

1.65 


C 

0.008 

0.012 

0.204 

0.304 

1 

D 

0.745 

0.840 

18.93 

21.33 


E 

0.300 

0.325 

7.62 

8.25 


El 

0.240 

0.260 

6.10 

6.60 


el 

0.100 TP 

2.54 TP 

2 

eA 

0.300 TP 

7.62 TP 

2,3 

L 

0.125 

0.150 

3.18 

3.81 


L2 

0.000 

0.030 

0.000 

0.76 


a 

0° 

15° 

0° 

150 

4 

N 

16 

16 

5 

N1 

0 

0 

6 

Q1 

0.050 

0.085 

1.27 

2.15 


S 

0.065 

0.090 

1.66 

2.28 



NOTES: 

Refer to Rules for Dimensioning (JEDEC Publication No. 95) for Axial Lead 
Product Outlines. 

1 . When this device is supplied solder-dipped, the maximum lead thickness 
(narrow portion) will not exceed 0.013". 

2. Leads within 0.005” (0.1 2mm) radius of True Position (TP) at gauge plane 
with maximum material condition and unit installed. 

3. eA applies in zone L2 when unit installed. 

4. a applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. N1 is the quantity of allowable missing leads. 
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DuaMn-Line Plastic Packages 


S EATING PL ANE \ 



\ 1 2 3 4 

\ n n n a 





N / ' 

S' u u u 



(E) SUFFIX (JEDEC MS-001-AB) 

8 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


SYMBOL MIN. 
A 


INCHES 

Z I MAX. 


MILLIMETERS 


0.100 BSC 
0.300 BSC 


2.54 BSC 
7.62 BSC 


eB 

- 

0.430 

- 

10.92 

10 

L 

0.115 

0.160 

2.93 

4.06 

9 

N 

. 8 

8 

11 


(E) SUFFIX (JEDEC MS-001 -AC) 

14 LEAD DUAL-IN-LINE PLASTIC PACKAGE 




0.100 BSC 


0.300 BSC 


0.430 


0.160 


7.62 BSC 


10.92 


4.06 


(E) SUFFIX (JEDEC MS-001 -AA) 

16 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


SYMBOL 


A 


A1 


A2 


B 


B1 


C 


D 


D1 


E 


El 



NOTES: 

1. Refer to JEDEC Publication No. 95 JEDEC Registered and Standard Outlines 
for Solid State Products, for rules and general information concerning regi- 
stered and standard outlines, in Section 2.2. 

2. Protrusions (flash) on the base plane surface shall not exceed 0.010" 
(0.25mm). 

3. The dimension shown is for full leads. “Half" leads are optional at lead 
positions 1 ^ N N +1 

2 2 

4. Dimension D does not include mold flash or protrusions. Mold flash or protru- 
sions shall not exceed 0.010" (0.25mm) 

5. E is the dimension to the outside of the leads and is measured with the leads 
perpendicular to the base plane (zero lead spread). 

6. Dimension El does not include mold flash or protrusions. 

7. Package body and leads shall be symmetrical around center line shown in 
end view. 


8. Lead spacing e shall be non-cumulative and shall be measured at the lead 
tip. This measurement shall be made before insertion into gauges, boards or 
sockets. 

9. This is a basic installed dimension. Measurement shall be made with the de- 
vice installed in the seating plane gauge (JEDEC Outline No. GS-3, seating 
plane gauge). Leads shall be in true position within 0.01 0 " (0.25mm) diame- 
ter for dimension eA. 

10. eQ is the dimension to the outside of the leads and is measured at the lead 
tips before the device is installed. Negative lead spread is not permitted. 

11. N is the maximum number of lead positions. 

12. DimensionDI at the left end of the package must equal dimension D1 at the 
right end of the package within 0.030” (0.76mm). 

13. Pointed or rounded lead tips are preferred to ease insertion. 

14. For automatic insertion, any raised irregularity on the top surface (step, mesa, 
etc.) shall be symmetrical about the lateral and longitudinal package 
centerlines. 
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DuaHn-Line Plastic Packages (Continued) 



(E) SUFFIX (JEDEC MS-001-AD) 

18 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

- 

0.210 

- 

5.33 

9 

A1 

0.015 

- 

0.39 

- 

9 

A2 

0.115 

0.195 

2.93 

4.95 


B 

0.014 

0.022 

0.356 

0.558 


B1 

0.045 

0.070 

1.15 

1.77 

3 

C 

0.008 

0.015 

0.204 

0.381 


D 

0.845 

0.925 

21 .47 

23.49 

4 

D1 

0.005 

- 

0.13 

- 

12 

E 

0.300 

0.325 

7.62 

8.25 

5 

El 

0.240 

0.280 

6.10 

7.11 

6,7 

e 

0.100 BSC 

2.54 BSC 

8 

e A 

0.300 BSC 

7.62 BSC 

9 

e B 

- 

0.430 

- 

10.92 

10 

L 

0.115 

0.160 

2.93 

4.06 

9 

N 

18 

18 

11 


(E) SUFFIX (JEDEC MS-001 -AF) 

24 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

- 

0.210 

- 

5.33 

9 

A1 

0.015 

- 

0.39 

- 

9 

A2 

0.115 

0.195 

2.93 

4.95 


B 

0.014 


0.356 

0.558 


B1 

0.045 


1.15 

1.77 

3 

C 

0.008 

0.015 

0.204 

0.381 


D 

1.125 

1.275 

28.6 

32.3 

4 

D1 

0.005 

- 

0.13 

- 

12 

E 

mm 

0.325 

7.62 

8.25 

5 

El 


0.280 

6.10 

7.11 

6,7 

e 

0.100 BSC 

2.54 BSC 

8 

eA 

0.300 BSC 

7.62 BSC 

9 

e B 

- 

0.430 

- 

10.92 

10 

L 

0.115 

0.160 

2.93 

4.06 

9 

N 

1 “ 

24 

11 


NOTES: 

1 . Refer to JEDEC Publication No. 95 JEDEC Registered and Standard Outlines 
for Solid State Products, for rules and general information concerning regi- 
stered and standard outlines, in Section 2.2. 

2. Protrusions (flash) on the base plane surface shall not exceed 0.010" 
(0.25mm). 

3. The dimension shown is for full leads. "Half" leads are optional at lead 
positions 1 ^ N N +1 

2 2 

4. Dimension D does not include mold flash or protrusions. Mold flash or pro- 
trusions shall not exceed 0.010" (0.25mm) 

5. E is the dimension to the outside of the leads and is measured with the leads 
perpendicular to the base plane (zero lead spread). 

6. Dimension El does not include mold flash or protrusions. 

7. Package body and leads shall be symmetrical around center line shown in 
end view. 


(E) SUFFIX (JEDEC MS-01 1-AA) 

24 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

- 

0.250 

- 

6.35 

9 

A1 

0.015 

- 


- 

9 

A2 

0.125 

0.195 

BD3I 

4.95 


B 

0.014 

0.022 

0.356 

0.558 


B1 

m3M 


0.77 

1.77 

3 

C 



0.204 

0.381 


D 

1.150 

1.290 

29.3 

32.7 

4 

D1 

0.005 

- 

0.13 

- 

12 

E 

0.600 

0.625 

15.24 

15.87 

5 

El 

0.485 

0.580 

12.32 

14.73 

6,7 

e 

0.100 BSC 

2.54 BSC 

8 

e A 

0.600 BSC 

15.24 BSC 

9 

e B 

- 

0.700 

- 

17.78 

10 

L 

0.115 

0.200 

2.93 

5.08 

9 

N 

24 

24 

11 


8. Lead spacing e shall be non-cumulative and shall be measured at the lead 
tip. This measurement shall be made before insertion into gauges, boards or 
sockets. 

9. This is a basic installed dimension. Measurement shall be made with the de- 
vice installed in the seating plane gauge (JEDEC Outline No. GS-3), seating 
plane gauge). Leads shall be in true position within 0.010 ” (0.25mm) diame- 
ter for dimension eA. 

10. e0 is the dimension to the outside of the leads and is measured at the lead 
tips before the device is installed. Negative lead spread is not permitted. 

11. N is the maximum number of lead positions. 

12. Dimension D1 at the left end of the package must equal dimension D1 at the 
right end of the package within 0.030” (0.76mm). 

13. Pointed or rounded lead tips are preferred to ease insertion. 

1 4. For automatic insertion, any raised irregularity on the top surface (step, mesa, 
etc.) shall be symmetrical about the lateral and longitudinal package 
centerlines. 
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Dual-ln-Line Plastic Packages (Continued) 



(E) SUFFIX (JEDEC MS-01 1-AB) 

28 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


SYMBOL 


A2 


El 


e A 


eB 


N 


INCHES 


MIN. 


0.015 


0.125 


1.380 


0.005 


0.600 


0.485 


MAX. 


0.250 


0.195 


0.022 


0.015 


1.565 


0.625 


0.580 


0.100 BSC 


0.600 BSC 


0.115 


0.700 


0.200 


28 


MILLIMETERS 


MIN. 


0.39 


0.204 


35.1 


0.13 


15.24 


12.32 


MAX. 


6.35 


39.7 


15.87 


14.73 


2.54 BSC 


15.24 BSC 


2.93 


17.78 


5.08 


28 


NOTES 


12 


6,7 


10 


11 


(E) SUFFIX (JEDEC MS-01 1-AC) 

40 LEAD DUAL-IN-LINE PLASTIC PACKAGE 



INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

- 

0.250 

- 

6.35 

9 

A1 

0.015 

- 

Kill 

- 

9 

A2 

0.125 


■ ■ 

4.95 


B 

|Q£2Q|[ 



0.558 


B1 




1.77 

3 

C 



0.204 

0.381 


D 



50.3 

53.2 

4 

D1 

0.005 

- 

0.13 

- 

12 

E 

0.600 

0.625 

15.24 

15.87 

5 

El 

0.485 

0.580 

12.32 

14.73 

6,7 

0 

0.100 BSC 

2.54 BSC 

8 

e A 

0.600 BSC 

15.24 BSC 

9 

SB 

- 

0.700 

- 

17.78 

10 

L 

0.115 

0.200 

2.93 

5.08 

9 

N 

40 

40 

11 


NOTES: 

1. Refer to JEDEC Publication No. 95 JEDEC Registered and Standard Out- 
lines for Solid State Products, for rules and general information concerning 
registered and standard outlines, in Section 2.2. 

2. Protrusions (flash) on the base plane surface shall not exceed 0.010” 
(0.25mm). 

3. The dimension shown is for full leads. “Half" leads are optional at lead 
positions 1 N N N +1 

2 2 

4. Dimension D does not include mold flash or protrusions. Mold flash or pro- 
trusions shall not exceed 0.010" (0.25mm) 

5. E is the dimension to the outside of the leads and is measured with the leads 
perpendicular to the base plane (zero lead spread). 

6. Dimension El does not include mold flash or protrusions. 

7. Package body and leads shall be symmetrical around center line shown in 
end view. 


8. Lead spacing e shall be non-cumulative and shall be measured at the lead 
tip. This measurement shall be made before insertion into gauges, boards 
or sockets. 

9. This is a basic installed dimension. Measurement shall be made with the 
device installed in the seating plane gauge (JEDEC Outline No. GS-3), 
seating plane gauge). Leads shall be in true position within 0.010 ” 
(0.25mm) diameter for dimension eA. 

10. eg is the dimension to the outside of the leads and is measured at the lead 
tips before the device is installed. Negative lead spread is not permitted. 

11. N is the maximum number of lead positions. 

12. Dimension D1 at the left end of the package must equal dimension D1 at 
the right end of the package within 0.030” (0.76mm). 

13. Pointed or rounded lead tips are preferred to ease insertion. 

14. For automatic insertion, any raised irregularity on the top surface (step, 
mesa, etc.) shall be symmetrical about the lateral and longitudinal package 
centerlines. 
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Dual-ln-Line Frit-Seal Ceramic Packages 


BASE PLANE 
SEATING PLANE 






(F) SUFFIX (JEDEC MO-OOI -AC) 

16 LEAD DUAL-IN-LINE FRIT-SEAL CERAMIC PACKAGE 



0.125 

0.150 

3.18 

3.81 

0.000 

0.030 

0.00 

0.76 

0° 

150 

0° 

150 




(F) SUFFIX (JEDEC MO-OOI-AB) 

14 LEAD DUAL-IN-LINE FRIT-SEAL CERAMIC PACKAGE 



| INCHES | 

| MILLIMETERS 

MBOL 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.155 

0.200 

3.94 

5.08 

A1 

0.020 

0.050 

0.508 

1.27 

B 

0.014 

0.020 

0.356 

0.508 

B1 

0.050 

0.065 

1.27 

1.65 

C 

0.008 

0.012 

0.204 

0.304 

D 

0.745 

0.770 

18.93 

19.55 

E 

0.300 

0.325 

7.62 

8.25 

El 

0.265 

0.285 

6.73 

7.24 


0.100 TP 
0.300 TP 


L 

0.125 

0.150 

3.18 

3.81 


L2 

0.000 

0.030 

0.00 

0.76 


a 

0° 

150 

0° 

150 

4 

N 

14 

14 

5 

N1 

0 

0 

6 

Q1 

0.040 

0.075 

1.02 

1.90 



(F) SUFFIX 

18 LEAD DUAL-IN-LINE FRIT-SEAL CERAMIC PACKAGE 


MILLIMETERS 



MIN. 

| MAX. | 

MIN. 

| MAX. 

0.1 55 

BOS 

3.94 


0.020 

ESSSsI 

0.508 


0.014 


0.356 

0.508 

0.035 


0.89 

1.65 

CO 

o 

o 

o 


0.204 

0.304 

0.845 

0.885 

21.47 

22.47 

0.240 

0.260 

6.10 

6.60 


0.100 TP 


0.300 TP 


2.54 TYP 


7.62 TYP 



Refer to Rules for Dimensioning (JEDEC Publication No. 95) for Axial Lead 
Product Outlines. 

1 . When this device is supplied solder-dipped, the maximum lead thickness 
(narrow portion) will not exceed 0.013" (0.33mm). 

2. Leads within 0.005” (0.1 2mm) radius of True Position (TP) at gauge plane 
with maximum material condition and unit installed. 


3. eA applies in zone L2 when unit installed. 

4. a applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. N1 is the quantity of allowable missing leads. 
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DuaHn-Line Frit-Seal Ceramic 




NOTES: 

Refer to Rules for Dimensioning (JEDEC Publication No. 95) for Axial Lead 
Product Outlines. 

1. When this device is supplied solder-dipped, the maximum lead thickness 
(narrow portion) will not exceed 0.013" (0.33mm). 

2. Leads within 0.005" (0.127mm) radius of True Position (TP) at gauge 
plane with maximum material condition. 

3. eA applied in zone L2 when unit is installed. 

4. Applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. N1 is the quantity of allowable missing leads. 


(F) SUFFIX 

24 LEAD DUAL-IN-LINE FRIT-SEAL CERAMIC 





Small-Outline (SO) Packages 




lELi }/L p 

& 


— *j — h x 45" 


(M) SUFFIX (JEOEC MS-012AB) (Notes 1, 2, 3, 8, 9) 

1 4 LEAD DUAL-IN-LINE SURFACE MOUNT PLASTIC PACKAGE 


SYMBOL 

A 

A1 

B 

C 

D 

E 


INCHES I 

| MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

0.0532 

0.0688 

1.35 

1.75 

0.0040 

0.0098 

0.10 

0.25 

0.0138 

0.0192 

0.35 

0.49 

0.0075 

0.0098 

0.19 

0.25 

0.3367 

0.3444 

8.55 

8.75 

0.1 497 

0.1 574 

3.80 

4.00 


H 

0.2284 

0.2440 

5.80 

6.20 

h 

0.0099 

0.0196 

0.25 

0.50 5 

L 

0.016 

0.050 

0.40 

1.27 6 

N 

1 

14 n_rj 

oc 

1 °° 

1 8° 

0° 



(M) SUFFIX (JEDEC MS-01 2AC) (Notes 1, 2, 3, 8, 9) 

1 6 LEAD DUAL-IN-LINE SURFACE MOUNT PLASTIC PACKAGE 


NOTES: 

1 . Refer to applicable symbol list. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Dimension “D" does not include mold flash, protrusions or gate burrs. 
Mold flash, protrusions and gate burrs shall not exceed 0.15mm (.006”) 
per side. 

4. Dimension “E" does not include interlead flash or protrusions. Interlead 
flash and protrusions shall not exceed .25mm (0.010") per side. 

5. The chamfer on the body is optional. If it is not present, a visual index 
feature must be located within the crosshatched area. 

6. “L" is the length of terminal for soldering to a substrate. 

7. “N" is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. Controlling dimension: Millimeter. 


INCHES I 

| MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

0.0532 

0.0688 

1.35 

1.75 

0.0040 

0.0098 

0.10 

0.25 

0.0138 

0.0192 

0.35 

0.49 

0.0075 

0.0098 

0.19 

0.25 

0.3859 

0.3937 

9.80 

10.00 

0.1497 

0.1 574 

3.80 

4.00 


H 

0.2284 

0.2440 

5.80 

6.20 

h 

0.0099 

0.0196 

0.25 

0.50 5 

L 

0.016 

0.050 

0.40 

1.27 6 

N 

1 16 1 

16 7l 

oc 

1 0° 


OO 

8° | 1 


(M) SUFFIX (JEDEC MS-01 2AA) (Notes 1, 2, 3, 8, 9) 

8 LEAD DUAL-IN-LINE SURFACE-MOUNT PLASTIC PACKAGE 


(M) SUFFIX (JEDEC MS-01 3AA) (Notes 1, 2, 3, 8, 9) 

16 LEAD DUAL-IN-LINE SURFACE MOUNT PLASTIC PACKAGE 
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Plastic Chip Carrier 



0.026 (0.66) 


0.032 (0.81) 


0.013 (0.33) 


DIMENSIONS IN PARENTHESES 
ARE MILLIMETER EQUIVALENTS 
OF THE BASIC INCH DIMENSIONS 



VIEW “A” TYP. 


J2CM.3I140R2 


(Q) SUFFIX (JEDEC MO-047AC) 

44 LEAD SQUARE SURFACE-MOUNT PLASTIC PACKAGE 



| INCHES | 

| MILLIMETERS | 


SYMBOL 

MIN. 

MAX. 

MIN. 

MAX. 

NOTES 

A 

0.165 

0.180 

4.20 

4.57 


A1 

0.090 

0.120 

2.29 

3.04 


D 

0.685 

0.695 

17.40 

17.65 


D1 

0.650 

0.656 

16.510 

16.662 

2 

D2 

0.590 

0.630 

14.99 

16.00 

1 

D3 

| 0.500 REF | 

| 12.70 BSC | 


E 

0.685 

! 0.695 

17.40 

17.65 


El 

0.650 

0.656 

16.510 

16.662 

2 

E2 

0.590 

0.630 

14.99 

16.00 

1 

E3 

0.500 REF 

12.70 BSC 


N 

44 

44 

3 


NOTES: 

1. To be determined at seating plane. 

2. Dimensions D1 and El do not include mold protrusions. 
Allowable mold protrusion is 0.254mm/0.010 inch. 

3. “N" is the number of terminal positions. 

4. Controlling dimensions: Inch 

5. All leads at seating plane to be coplanar within 0.004 inch. 




Quad-ln-Line Plastic Packages 

(Q) SUFFIX, 16 LEAD 


RECOMMENDED MOUNTING 
HOLE DIMENSIONS AND SPACING 






.008 -.013 
”(.204-. 330) 


92CS - I7533R2 


NOTES: 

1. Body width is measured 0.040" (1.02mm) from top surface. 

2. Seating plane defined as the junction of the angle with the narrow portion 
of the lead. 


TO-5 Style Package 


(S) SUFFIX 

8 LEAD TO-5 STYLE WITH DUAL-IN-LINE FORMED LEADS 
(DILCAN) 


.335--370 

(8.5I-9.391T 

DIA- 

.305-. 335 . 
(7.75- 8.50) 
DIA- 

.015-050 — 

( .39 - 1. 27) \ 

7 


ft .I20-.I50 
T (3.05 -3.81) 


8 LEADS 
.016 -.019 

( - 4 O 7 orA -. 4021 

. 200 ( 5.08)DIA- 
PIN CIRCLE 


. I 00±. 010 
(2.54*. 254) H 
(3 SPACES) 



.300±.0I0 
(7 62 ±254) 

NON CUMULATIVE 


All dimensions given in 


(millimeters) 
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TO-5 Style Packages (Continued) (T) suffix (jedec mo-oo2-al) 

8 LEAD TO-5 STYLE PACKAGE 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

a 

0.200 TP 

5.88 TP 

1 

A1 

0.010 

0.050 

0.26 

1.27 


A2 

0.165 

0.185 

4.20 

4.69 


<t>B 

0.016 

0.019 

0.407 

0.482 

2 

4>Bl 

0.125 

0.160 

3.18 

4.06 


4>B2 

0.016 

0.021 

0.407 

0.482 

2 

<t>D 

0.335 

0.370 

8.51 

9.39 


<[)D1 

0.305 

0.335 

7.75 

8.50 


FI 

0.020 

0.040 

0.51 

1.01 


i 

0.028 

0.034 

0.712 

0.863 


k 

0.029 

0.045 

0.74 

1.14 

3 

LI 

0.000 

0.050 

0.00 

1.27 

2 

L2 

0.250 

0.500 

6.4 

12.7 

2 

L3 

0.500 

0.562 

12.7 

14.27 

2 

a 

450 TP 

450 TP 


N 

8 

8 

5 

N1 

3 

3 

4 



(T) SUFFIX (JEDEC MO-006-AF) (T) SUFFIX (JEDEC MO-006-AG) 

10 LEAD TO-5 STYLE PACKAGE 12 LEAD TO-5 STYLE PACKAGE 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

a 

0.230 TP 

5.84 TP 

1 

A1 

0 

0 

0 

0 


A2 

0.165 

0.185 

4.19 

4.70 


4>B 

0.016 

0.019 

0.407 

0.482 

2 

<j)B1 

0 

0 

0 

0 


4>B2 

0.016 

0.021 

0.407 

0.533 

2 


0.335 

0.370 

8.51 

9.39 


<)D1 

0.305 

0.335 

7.75 

8.50 


FI 

0.020 

0.040 

0.51 

1.01 


j 

loss 

0.034 


0.863 


k 

El 

0.045 


1.14 

3 


ES23i 

0.050 


1.27 

2 

L2 


0.500 

6.4 

12.7 

2 

L3 


0.562 

12.7 

14.27 

2 

a 

360 TP 

360 TP 


N 

10 

10 

5 

N1 

1 

1 

4 


NOTES: 

Refer to Rules for Dimensioning (JEDEC Publication No. 95) for Axial Lead 
Product Outlines. 

1. Leads at gauge plane within 0.007" (0.178mm) radius of True Position 
(TP) at maximum material condition. 

2. <)B applies between LI and L2. <{>B2 applies between L2 and 0.500" 
(12.70mm) from seating plane. Diameter is uncontrolled in LI and beyond 
0.500" (12.70mm). 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. | MAX. 

a 

0.230 TP 

5.84 TP 

1 

A1 

0 

0 

0 

0 


A2 

0.165 

0.185 

4.19 

4.70 


<t>B 

0.016 

0.019 

0.407 

0.482 

2 

<j)B1 

0 

0 

0 

0 


<t>B2 

0.016 

0.021 

0.407 

0.533 

2 

4>D 

0.335 

0.370 

8.51 

9.39 


4D1 

EE3I 



8.50 


FI 

ESI 


E 

1.01 


j 


0.034 

0.712 

0.863 


k 

EE| 

0.045 

0.74 

1.14 

3 

LI 

El 

0.050 

0.00 

1.27 

2 

L2 

0.250 

0.500 

6.4 

12.7 

2 

L3 

0.500 

0.562 

12.7 

14.27 

2 

a 

30° TP 

300 TP 


N 

12 

12 

5 

N1 

1 

1 

4 


3. Measure from Max. 4>D. 

4. N1 is the quantity of allowable missing leads. 

5. N is the maximum quantity of lead positions. 
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HA/HC/HFA/HV*~Type 
Packaging & Ordering Information 


H 


HARRIS PRODUCT CODE EXAMPLE 

7 - 5147 


PREFIX: 


H: Harris 


FAMILY: 


A: Analog 
C: Communications 


PART NUMBER 


PACKAGE: 

1: Dual-In-Line Ceramic 
2: Metal Can 
3: Dual-ln-Line Plastic 
4P: Plastic Leaded Chip Carrier 
7: Mini-DIP, Ceramic 
9P: Small Outline 
0: Chip Form 


TEMPERATURE: - 
2: -55°C to +125°C 
4: -25°C to +85°C 
5: 0°C to +75°C 

7: Dash-7 High Reliability Commercial 
Product 0°C to +750C, includes 96 
hour Burn-In 

-8: -550C to +1 250C Harris Class B 
equivalent for use in military & 
flight systems not manufactured 
to full Mil-Std-883 specifications 
9: -40°C to +85°C 
/883: Full compliance to Mil-Std-883 


These products are available fully screened to Mil-Std-883C. 
Contact a Harris Sales Office for a copy of the /883 data sheet. 


*Ordering information for HV-1205 and HV-2405E only 
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Package Outlines 
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NOTE: Dimensions are . Dimensions are in inches. 

Max 
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PACKAGING AND 
ORDERING INFO. 





















































NOTE: Dimensions are — — . Dimensions are in inches. 
Max 
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NOTE: Dimensions are . Dimensions are in inches. 

Max 
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- HV/ICL/ICM-Type Packaging & Ordering Information 

Ordering Information 


Device Family Prefixes 


Temperature Range Designators 


TEMPERATURE RANGE 


Commercial: 0°Cto+70°C 


Industrial: Either -25°C to +85°C or 
-40°C to +85°C (Specified on Datasheet) 


Military: -55°C to +1 25°C 



Pin Count Designator 


PREFIX 

DEVICE FAMILY 

ICL 

Linear 1C 

ICM 

Microperipheral 1C 

HV 

High Voltage 

LM 

National Semiconductor Alternate Source 



(0.200" pin circle, isolated case) 


(0.230” pin circle, isolated case) 


(0.230" pin circle, case to pin 5) 


(0.200" pin circle, case to pin 4) 


(0.230” pin circle, case to pin 5) 


Package Type Designators 


SUFFIX 

PACKAGE 

B 

Small Outline 1C (SOIC) 

■B 

Ceramic Dual-ln-Line 

KM 

Plastic Dual-ln-Line 


TO-99, TO-100 



Part Numbering System 

All Intersil Part Numbers consist of a Device Family Prefix, a Basic Numeric Part Number, and an Option Suffix, as follows: 


1, 2 OR 3 
DIGIT 
PREFIX 


3, 4 OR 5 DIGIT 
UNIQUE DEVICE 
NUMBER 

X X X X X 


3 OR 4 

DIGIT OPTION 
SUFFIX 


HIGH 

RELIABILITY 

DESIGNATOR 

/XXXX 

Pin Count Designator 

Package Type Designator 

Temperature Range Designator 

Electrical Option Designator Only. 

Used if more than one electrical option 
is available. 

Variation of basic device type designator. 
Only used if more than one basic device 
is available. 

3 or 4 digit basic device type 
part number 


Device family prefix 
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Package Outlines 


8 LEAD TO-99 METAL CAN 


8 LEAD 0.230 PCD 
TO-99 METAL CAN 


0.165-0.185 
(4.191-4.699) j 


0.350-0.370 
(8.890-9.398) * 

PIA | 0.315—0.335 
* T (8.001-8.509) 

J DIA 


oJoo 

< 12.701 < 1016 ) 


INSULATOR 

.010-0.040 

(.254—1.016) 


0.016-0.019 

(0.406-0.483) 


0.335—0.315 
(8.509 — 8.001 ) N 
DIA 


SEATING . 
PLANE 


8-LEADS 
0.019-0.016 
(0.483- 0.406) 



0.370 — 0.350 
“(9.398 — 8.890) 
DIA 


0.029—0.045 /*\ 
(0.737—1.143) 

0.028-0.034 

(0.711-0.864) 


45° EQUALLY 
SPACED - 


0.034-0.028 

(0.864-0.711) 



0.045—0.029^ 

(1.143—0.737) 


TW TX 1 0 LEAD TO-1 00 METAL CAN 


.040—1.016 

MAX 


.370— .335 , 

(9.398-8.509) 

< .335— .305 
(8.509—7.747)* 



St 


.185— .165 
(4.699-4.191) 


(.254-1.018) (i^TOO)* 


A U 


actv 

/ O y 


0.34-0.28 
(.864— .711) 


.045— .029 
(1.1 43-. 737) 



All dimensions given in 
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8 LEAD CERAMIC DUAL-IN-LINE 



All dimensions given in 


(millimeters) 
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All dimensions given in 

(millimeters) 
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PACKAGING AND 
ORDERING INFO. 






All dimensions given in 


inches 


(millimeters) 


12-26 









JE 


16 LEAD CERAMIC DUAL-IN-LINE 
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SALES OFFICE INFORMATION 


A complete and current listing of all Harris Sales, Representative and Distributor locations worldwide is available. 
Please order the “Harris Sales Listing” from the Literature Center (see page i). 

HARRIS HEADQUARTERS LOCATIONS BY COUNTRY: 


U.S. HEADQUARTERS 

EUROPEAN HEADQUARTERS 

Harris Semiconductor 

Harris Semiconductor 

1301 Woody Burke Road 

Mercure Centre 

Melbourne, Florida 32902 

Rue de la Fusse 100 

TEL: (407) 724-3000 

Brussels, Belgium 1130 

TEL: (32) 2-246-21.11 

SOUTH ASIA 

Harris Semiconductor H.K. Ltd 

NORTH ASIA 

13/F Fourseas Building 

Harris K.K. 

208-212 Nathan Road 

Shinjuku NS Bldg. Box 6153 

Tsimshatsui, Kowloon 

2-4-1 Nishi-Shinjuku 

Hong Kong 

Shinjuku-Ku, Tokyo 163 Japan 

TEL: (852) 3-723-6339 

TEL: (81) 03-3345-8911 


HARRIS TECHNICAL ASSISTANCE AVAILABILITY: 

UNITED STATES 

CALIFORNIA Costa Mesa 714-433-0600 

San Jose 408-922-0977 

Woodland Hills 818-992-0686 

FLORIDA Melbourne 407-724-3576 

GEORGIA Norcross 404-246-4660 

ILLINOIS Schaumburg 708-240-3480 

MASSACHUSETTS Burlington 61 7-221 -1 850 

NEW JERSEY Mt. Laurel 609-727-1909 

NEW YORK Great Neck 516-829-9441 

TEXAS Dallas 214-733-0800 

INTERNATIONAL 

FRANCE Paris 33-1 -346-54046 

GERMANY Munich 49-8-963-8130 

ITALY Milan 39-2-262-22 1 41 

JAPAN Tokyo 81-3-345-891 1 

KOREA Seoul 82-2-551-0931 

U.K. Camberley 44-2-766-86886 
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SALES OFFICES 








We’re 

Products, 

Signal Processing 

• Linear 

• Custom Linear 

• Data Conversion 

• Interface 

• Analog Switches 

• Multiplexers 

• Filters 

• DSP 

• Telecom 

Digital 

• CMOS Microprocessors and 
Peripherals 

• CMOS Microcontrollers 

• CMOS Logic 

ASICs 

• Full-Custom 

• Analog Semicustom 

• Mixed-Signal 

• ASIC Design Software 


Backing You Up with 
Support, and Solutions! 


Power Products 

• Power MOSFETs K 

• IGBTs 

• Bipolar Discretes 

• Transient Voltage 
Suppressors 

• Power Rectifiers 

Intelligent Power 

• Power ICs 

• Power ASICs 

• Hybrid Programmable* * 
Switches 

• Full-Custom High 
Voltage ICs 

Microwave 

• GaAs FETs 

• GaAs MMICs 

• Foundry Services 


Military/Aerospace Products 

• Microprocessors and 
Peripherals 

• Memories 

• Analog ICs 

• Digital ICs 

• Discrete Power 
- Bipolar 

MOSFET 

• Rad-Hard ICs 

Military/Aerospace Programs 

• COMSEC Programs 

• Strategic and Space 
Programs 

• Military ASIC Programs 



